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Purpose: The unlimited proliferation of breast cancer (BC) cells is the basis for recurrence and metastasis. Ambra1 is involved in the 
regulation of cell proliferation, but its role may be cancer type-dependent, and the underlying mechanisms need further exploration. In 
addition, it remains unclear whether Ambra1 is involved in regulating the proliferation of BC cells. This study aims to explore the 
regulatory effect of Ambra1 on the proliferation of BC cells, as well as the underlying mechanisms.
Methods: The effects of Ambra1 on cell proliferation were detected in MCF-7 and MDA-MB-231 cells using CCK-8, EdU, and 
colony formation assays. The role of Ambra1 in regulating p27 via the Akt-FoxO1 pathway was determined in MCF-7, MDA-MB 
-231, and 293T cells through Western blotting, qRT-PCR, and co-immunoprecipitation. Subsequently, the role of p27 in Ambra1- 
mediated regulation of cell proliferation was validated in cell models and xenograft mouse models.
Results: Ambra1 deficiency significantly inhibited the proliferation of BC cells. p27 played a crucial role in this process. Furthermore, 
Ambra1 regulates the phosphorylation of the Ser256 residue of FoxO1 through Akt, thereby altering the nuclear distribution of FoxO1 
and the transcription of p27.
Conclusion: Ambra1 can control the proliferation of BC cells by regulating the Akt-FoxO1-p27 signaling pathway. Therefore, this 
protein is a potential therapeutic target for BC.
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Introduction
Breast cancer (BC) remains the most frequently diagnosed cancer and the leading cause of cancer-related mortality 
among women worldwide, presenting a substantial risk to women’s health.1 Approximately 3% to 10% of newly 
diagnosed patients already have distant metastases at the time of diagnosis.2 Even among patients initially diagnosed 
with early-stage BC, approximately 30% experience recurrence and metastasis after receiving treatment.2 Recurrence and 
metastasis are the main causes of treatment failure in patients with BC. Indeed, the continuous proliferative capacity of 
cancer cells is a critical factor contributing to cancer recurrence and metastasis.3–5

Autophagy and Beclin 1 Regulator 1 (Ambra1) was originally identified as an autophagy protein essential for 
autophagosome formation.6 In addition to its role in autophagy, Ambra1 functions as a versatile scaffold protein, 
characterized by intrinsically disordered regions that enable it to interact with various cellular factors and participate 
in multiple cellular processes and pathological processes of cancer, such as apoptosis, cell cycle, cell proliferation, 
epithelial-mesenchymal transition (EMT), regulatory T-cell differentiation, and the tumor immune 
microenvironment.7–19 Recently, it has been discovered that Ambra1 is a key factor in the degradation of D-type 
cyclins (cyclin D1, cyclin D2, cyclin D3) in cells.13–17 Cyclin Ds are core regulatory factor in the cell cycle process, 
which can directly regulate the activity of the cyclin D-cyclin dependent kinase 4/6 (CDK4/6)-retinoblastoma 
protein (Rb) axis and control the transition of the cell cycle from G1 phase to S phase.20,21 In the absence of 
Ambra1, cyclin Ds accumulate in cells, accelerating the cell cycle process and promoting cell proliferation.13–15 In 
addition, Ambra1 can also inhibit the proliferation of mouse embryonic fibroblasts (MEFs) by promoting the 
dephosphorylation and degradation of the c-Myc protein.22 However, its function differs across various types of 
cancer cells. In gastric adenocarcinoma cells, the deficiency of Ambra1 leads to a decrease in the expression of 
cyclin D1, accompanied by the inhibition of cell proliferation.23 This suggests that the function of Ambra1 may vary 
across different types of cancer cells. In addition, it is still unclear whether Ambra1 is involved in the regulation of 
the proliferation of BC cells.

p27, encoded by the CDKN1B gene, plays a crucial role in controlling cell cycle progression and cell proliferation.24–29 

It is a target gene of FoxO1.30–33 We previously confirmed that Ambra1 is highly expressed in breast cancer and regulates 
the transcriptional activity of FoxO1 through the Akt signaling pathway.34,35 Thus, Ambra1 may regulate the expression of 
p27 through the regulation of FoxO1, thereby controlling the proliferation of BC cells. To verify this hypothesis, we used 
the BC cell lines MCF-7 and MDA-MB-231 and 293T cells as models to explore the interrelationships among Ambra1, Akt, 
FoxO1, and p27, as well as their effects on cell proliferation, and verified these findings in a xenograft tumor model in nude 
mice. We confirmed that Ambra1 controls the proliferation of BC cells by regulating the Akt-FoxO1-p27 signaling 
pathway.

Materials and Methods
Cell Lines and Culture
The human BC cell lines MCF-7 (TCHu74) and MDA-MB-231 (TCHu227) and 293T (SCSP-502) cells were purchased 
from the cell bank of the Chinese Academy of Sciences (Shanghai, China). MCF-7 and 293T cells were cultured in MEM 
(Thermo Fisher, Waltham, MA, USA), and MDA-MB-231 cells were cultured in L15 media (Thermo Fisher, Waltham, 
MA, USA). All culture media were supplemented with 10% fetal bovine serum (FBS) (Thermo Fisher, Waltham, MA, 
USA) and 1% penicillin/streptomycin. The cell lines were maintained at 37°C in a humidified incubator with 5% CO2. 
Before the study, the cells were passaged for 6 generations. The identity of the cell lines was confirmed by short tandem 
repeat (STR) profiling.

Agents, Assay Kits and Antibodies
GSK-690693 (HY-10249, GSK, used at a concentration of 1 nM) and cycloheximide (HY-12320, CHX, used at 
a concentration of 50 μg/mL) were purchased from MedChem Express (MCE, Princeton, NJ, USA). The cell counting 
kit-8 (CCK-8, C0038) and BeyoClick™ EdU Cell Proliferation Kit with Alexa Fluor 488 (EdU, C0071S) were obtained 
from the Beyotime Institute of Biotechnology (Shanghai, China). Anti-Ambra1 (ab223351), anti-p27 (ab32034), and 
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anti-Histone H3 (ab4441) antibodies were purchased from Abcam (Hong Kong, China). Anti-FoxO1 (2880), anti- 
pFoxO1S256 (9461), anti-pFoxO1T24 (9464) and anti-pFoxO1S319 (2486) antibodies were purchased from Cell 
Signaling Technology (Danvers, USA). The anti-FLAG antibody (F1804) was purchased from Sigma. Anti-GAPDH 
antibody (AP0063) was purchased from Bioworld Technology, Inc. (Bloomington, USA).

Lentiviral Vector and siRNA Construction and Transfection
A lentiviral vector-AMBRA1 transfected with full-length human AMBRA1 cDNA (LV-AMBRA1) and an empty vector 
(Empty, as a control) were constructed by GeneChem (Shanghai, China) using the HiScript II 1st Strand cDNA Synthesis 
Kit (+gDNA wiper, R212-01), with RNA dosages of 500 ng. The 3 × Flag and 3 × Flag-AMBRA1 lentiviral vectors were 
also constructed by GeneChem. Three target-specific AMBRA1 shRNAs (shAMBRA1-1, shAMBRA1-2 and shAMBRA1-3), 
a target-specific CDKN1B shRNA and a control scrambled shRNA (scramble) were synthesized by GenePharma 
(Shanghai, China). A target-specific CDKN1B siRNA, a target-specific FOXO1 siRNA and control scrambled siRNA 
(siCtrl), were synthesized by GenePharma (Shanghai, China). The sequences of shAMBRA1-1, shAMBRA1-2 and 
shAMBRA1-3 were GTC CAC GCT CTA CCT TCT TAT, CCA TAG ATG GAA CAG AAT TAT, and AGG CCA CTG 
GGA AAG AAT TTA, respectively. The sequence of shCDKN1B was CAG AAG ACG UCA AAC GUA AAC, and the 
sequence of the scramble sequence was TTC TCC GAA CGT GTC ACG T. The sequence of siCDKN1B was the same as 
that of shCDKN1B. The sequence of siFOXO1 was ATG GTT CTA ATT TCC AGA TAA and the sequence of siCtrl was 
TTC TCC GAA CGT GTC ACG T. The siRNAs were transfected into cells using Lipofectamine™ 2000 (Invitrogen, 
California, USA) according to the manufacturer’s instructions. Subsequent experiments were conducted 48 h after the 
transient transfection with shRNAs or siRNAs.

Real-Time Quantitative PCR (qRT‒PCR)
Total RNA was extracted via TRIzol reagent (Generay Biotech, China) as instructed by the supplier. The extracted 
RNA was then reverse-transcribed into cDNA with a reverse transcription kit (Vazyme Biotech, China) according to 
the manufacturer’s recommendations. cDNA expression levels were quantitatively assessed via real-time qPCR on an 
ABI 7500 system (Applied Biosystems, USA) using the ChamQ SYBR Color qPCR Master Mix (Vazyme Biotech, 
China). The sequences of primers used for amplification were as follows: AMBRA1-Forward: ACC CAG ACC CAG 
CGA GAT TA; AMBRA1-Reverse: TCT GTT GGT AGC GCA TGG AG; CDKN1B-Forward: AAC GTG CGA GTG 
TCTA AC GG; CDKN1B-Reverse: CCC TCT AGG GGT TTG TGA TTC T; GAPDH-Forward: CTG ACT TCA ACA 
GCG ACA CC; and GAPDH-Reverse: GTG GTC CAG GGG TCT TAC TC. The data were normalized to GAPDH 
expression.

Western Blotting
For Western blotting, cells were seeded in 25 cm2 tissue culture flasks and were allowed to reach approximately 80% 
confluency in fresh medium before treatment with the agents. After treatment, detached and attached cells were 
collected by centrifugation. Subsequently, whole-cell lysates were obtained using a lysis buffer (1× Phosphate-Buffered 
Saline, pH 7.6, containing 1% NP-40, 0.1% sodium dodecyl sulfate, and 0.5% sodium deoxycholate, with the addition 
of inhibitor cocktails); alternatively, nuclear proteins were extracted using the Nuclear and Cytoplasmic Protein 
Extraction Kit (Beyotime Biotechnology Inc., P0027) according to the manufacturer’s instructions. Approximately 
30~50 μg of total protein from each group was electrophoretically separated on 12% or 15% SDS‒PAGE gels and 
electrotransferred to polyvinylidene fluoride membranes (PVDF) membranes (Pierce, Rockford, USA). The PVDF 
membranes were blocked with 5% nonfat dry milk in Tris-buffered saline-Tween 20 (TBST, pH 7.6) for 1 hour at 
room temperature, incubated with primary antibodies diluted in 5% nonfat dry milk in TBST with light agitation 
overnight at 4 °C, washed with TBST 3 times, and incubated with the secondary antibodies diluted in 5% nonfat dry 
milk in TBST with light agitation for 1 hour at room temperature. The proteins were then detected with electro
chemiluminescence (Bio-Rad, Hercules, CA, USA).
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CCK-8
For the CCK-8 assay, cells were seeded at 8×103 cells per well in 96-well flat-bottom plates and were allowed to attach 
overnight at 37°C. Then, medium containing the assay agents was added to each well, and the cells were further cultured 
at 37°C for the indicated times. The cell proliferation ability was estimated using a CCK-8 assay, and the absorbance was 
measured at 450 nm using a microplate reader.

EdU Assay
For the EdU assay, cells were seeded into 96-well plates at a density of 5×103 cells per well. After being cultured for the 
indicated times, the cells were incubated with 10 µM EdU for 2 hours. After EdU labeling, the cells were fixed in 4% 
paraformaldehyde, permeabilized with 0.1% Triton X-100 and treated with 2 mg/mL glycine for 5 minutes. The cells 
were subsequently incubated with Apollo reagent in the dark for 30 minutes to detect EdU incorporation. Nuclei were 
counterstained with Hoechst 33342 in the dark for 15 minutes. The cells were then observed by fluorescence microscopy 
(Olympus, Tokyo, Japan).

Cell Cycle
To detect the cell cycle, the cells were collected and fixed in 70% ethanol overnight at 4 °C. The fixed cells were then 
washed twice with cold PBS and incubated with RNase A and propidium iodide (PI) at 37°C for 30 min in the dark. 
Afterward, quantitative analysis of the DNA content was performed by flow cytometry. The data were analyzed using 
FlowJo software to gate for the G0/1, S, and G2 phases.

Colony Formation
The cells were seeded into 6-well plates at a density of 500 cells per well to assess their colony-forming potential. After 
14 days of incubation at 37°C, the cells were fixed with 4% paraformaldehyde at room temperature for 15 min, stained 
with 0.1% crystal violet for 30 min, photographed, and then analyzed via ImageJ software.

Luciferase Reporter Assay
First, the human CDKN1B promoter was cloned into the pGL3-basic vector carrying the firefly luciferase gene to 
construct the pGL3-CDKN1B plasmid, and the PGL4.51 Renilla luciferase plasmid was used as the control plasmid.

The cells were inoculated into 96-well plates at a density of 50%~70%. After 24 h, the cells were transfected using 
Lipofectamine™ 2000. Briefly, pGL3-CDKN1B or scramble and PGL4.51 Renilla luciferase (1 ng) plasmids were 
cotransfected into the cells. The cell extracts were prepared after 48 h of transfection, and the luciferase activity was 
measured using the Dual-Luciferase Reporter Assay System (Promega).

Coimmunoprecipitation (Co-IP)
Coimmunoprecipitation (co-IP) was performed using Protein A/G PLUS-Agarose (Santa Cruz, Texas, USA, sc-2003) 
according to the manufacturer’s instructions. The cells were treated with agents and then lysed in RIPA buffer (Beyotime, 
Shanghai, China, P0013B) supplemented with protease inhibitors. The lysates were incubated overnight on a carousal at 
4 °C with the primary antibody. After the addition of beads, the mixture was incubated for another 90 min. The 
immunoprecipitates were extensively washed 3 times with washing buffer, eluted in SDS sample buffer, and boiled for 
10 min at 70 °C. The samples were subsequently subjected to WB analysis.

Immunohistochemistry
Immunohistochemical staining was performed using primary antibodies against Ambra1 (1:150) and p27 (1:200). After 
deparaffinization of the sections, antigen retrieval was performed by microwaving in 10 mmol/L citrate buffer, pH 6.0. 
After blocking endogenous peroxidase, the sections were incubated overnight at 4 °C with individual primary antibodies. 
The sections were then incubated with secondary antibodies conjugated to peroxidase-labeled polymers. Color develop
ment was performed using diaminobenzidine, and the sections were counterstained with hematoxylin. Control sections 
were evaluated by substitution of the primary antibodies with nonimmunized serum, resulting in no signal detection. 
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Staining intensities were classified as negative (0), weak (1+), moderate (2+), or strong (3+) staining, and the percentage 
area of positive staining was scored as 0 (0%), 1 (1% ~ 25%), 2 (26% ~ 50%), 3 (51% ~ 75%), or 4 (76% ~ 100%). 
A composite score was calculated by adding the staining intensity and the percentage score of positive cells. Composite 
scores of 0 to 3 were defined as low expression, and scores of 4 to 7 were considered as high expression. The correlation 
between Ambra1 and p27 was analyzed based on their composite scores.

Mouse Xenograft Models
To generate murine subcutaneous tumors, 5×106 MDA-MB-231 cells transfected with scramble, shAMBRA1, or 
shAMBRA1 + shCDKN1B were injected subcutaneously into the right forelimb armpits of BALB/c nude mice 
(Shanghai SLAC Laboratory Animal, Shanghai, China). After the cells were inoculated for the indicated times, the 
subcutaneous tumors were removed, and the weights and volumes of the tumors were measured. The tumor volumes 
were calculated using the following formula: length × width2 × Π/6.

Hematoxylin & Eosin Staining (HE)
The histological characteristics of the xenograft tumors were evaluated by HE staining. The tumors were paraffin- 
embedded for tissue sectioning. Then, the tissue sections were subjected to normal histology methods, which involved 
deparaffinization using xylene and staining with hematoxylin and eosin.

Statistical Analyses
Statistical comparison of the mean values was performed using IBM SPSS Statistics Version 26.0 to conduct a 2-tailed 
Student’s t test. The data are shown as the means ± SDs of three independent experiments. A p-value less than 0.05 was 
considered statistically significant.

Results
Knockdown of Ambra1 Inhibits the Proliferation of BC Cells by Inducing G1 Phase 
Arrest
To determine the role of Ambra1 in the proliferation of BC cells, we used shAMBRA1s to knockdown the expression of 
Ambra1 in the MCF-7 and MDA-MB-231 cells. As shown in Figure 1A (* p < 0.05, ns p > 0.05), shAMBRA1-1 and 
shAMBRA1-2 significantly inhibited the expression of both AMBRA1 mRNA and protein in MCF-7 and MDA-MB-231 
cells, whereas shAMBRA1-3 was only effective in MDA-MB-231 cells. Therefore, shAMBRA1-1 and shAMBRA1-2 were 
used in subsequent studies. Next, a CCK-8 assay was used to detect the effect of Ambra1 on cell proliferation. The 
results revealed that the downregulation of Ambra1 significantly inhibited the proliferation of MCF-7 and MDA-MB-231 
cells (Figure 1B, * p < 0.05, ns p > 0.05). This finding was also confirmed by the EdU assay (Figure 1C, * p < 0.05, ns 
p > 0.05). We subsequently explored the potential mechanisms by which Ambra1 regulates the proliferation of BC cells. 
Flow cytometry analysis revealed that fewer MCF-7 and MDA-MB-231 cells with Ambra1 knockdown were in the 
S phase and that more cells were in the G1 phase, whereas fewer cells were in the G2/M phase, indicating arrest of the 
cell cycle at the G1 phase (Figure 1D, * p < 0.05, ns p > 0.05).

Therefore, the knockdown of Ambra1 effectively induced cell cycle arrest and inhibited the proliferation of BC cells.

p27 is Essential for the Ability of Ambra1 to Regulate the Proliferation of BC Cells
p27 controls the cell cycle transition from the G1 phase to the S phase.24–29 Given that the knockdown of Ambra1 led to 
arrest of the cell cycle at the G1 phase in BC cells, we explored whether p27 plays an important role in the regulation 
of BC cell proliferation by Ambra1. First, the regulatory effect of Ambra1 on p27 expression was assayed. MCF-7 and 
MDA-MB-231 cells were transfected with shAMBRA1-1, shAMBRA1-2 or scramble for 48 h. The results revealed that 
the knockdown of Ambra1 led to a significant increase in both the mRNA and protein levels of p27 (Figure 2A, * p < 
0.05, ns p > 0.05). To further clarify the correlation between Ambra1 and p27, we detected the expression of Ambra1 and 
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Figure 1 Knockdown of Ambra1 inhibits the proliferation of BC cells by inducing G1 phase arrest (A) MCF-7 and MDA-MB-231 cells were transfected with scramble, shAMBRA1-1, 
shAMBRA1-2 or shAMBRA1-3 for 48 h, and then the mRNA and protein levels of Ambra1 were tested via qRT‒PCR or Western blotting, respectively. MCF-7 and MDA-MB-231 cells 
were transfected with scramble, shAMBRA1-1 or shAMBRA1-2 for 48 h, the proliferation of the cells was detected by (B) the CCK-8 assay; (C) EdU (100 ×); (D) the cell cycle 
distribution was detected by flow cytometry. The results (means ± SDs) were derived from three independent experiments (*p < 0.05, ns p > 0.05).
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Figure 2 P27 is essential for the ability of Ambra1 to regulate the proliferation of BC cells (A) MCF-7 and MDA-MB-231 cells were transfected with scramble, shAMBRA1-1 
or shAMBRA1-2 for 48 h, after which the mRNA and protein levels of p27 were measured via qRT‒PCR and Western blotting, respectively. (B) Ambra1 and p27 expression 
in breast cancer tissues was detected by immunohistochemistry (600 ×). (C) MCF-7 and MDA-MB-231 cells were transfected with siCtrl or siCDKN1B for 48 h, and then the 
expression of p27 was tested by Western blotting. MCF-7 and MDA-MB-231 cells were transfected with scramble, siCtrl, shAMBRA1-1, siCDKN1B, shAMBRA1-1 + siCtrl or 
shAMBRA1-1 + siCDKN1B for 48 h, and then the proliferation of the cells was detected by (D) the CCK-8 assay and (E) EdU. (F) MCF-7 and MDA-MB-231 cells were 
transfected with siCtrl, shAMBRA1-1 or shAMBRA1-1 + siCDKN1B for 48 h, and then the proliferation of the cells was detected by colony formation. The results (means ± 
SDs) were derived from three independent experiments (*p < 0.05, ns p > 0.05).
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p27 in 50 patients with breast cancer by immunohistochemistry. The results reveled that Ambra1 is negatively correlated 
with p27 in BC (Figure 2B, * p < 0.05).

To determine whether the regulation of BC cell proliferation by Ambra1 is dependent on p27, we used siCDKN1B to 
knock down p27 expression in MCF-7 and MDA-MB-231 cells (Figure 2C, * p < 0.05). SiCDKN1B, scramble or siCtrl 
was cotransfected with shAMBRA1-1 into MCF-7 or MDA-MB-231 cells for 48 h, and cell proliferation was detected by 
a CCK-8 assay. The results showed that the cell proliferation rate in the shAMBRA1-1 group was significantly slower 
than that in the scramble group, while the cell proliferation rate in the siCDKN1B group was significantly faster than that 
in the siCtrl group. Additionally, the cell proliferation rate in the shAMBRA1-1 + siCDKN1B group was significantly 
faster than that in the shAMBRA1-1 group (Figure 2D, * p < 0.05). These findings indicate that the downregulation of 
Ambra1 inhibits the proliferation of breast cancer cells, while the silencing of p27 promotes cell proliferation; in 
addition, the silencing of the p27 gene can reverse the inhibitory effect of decreased Ambra1 expression on the 
proliferation of breast cancer cells.

To further demonstrate the role of p27 in the regulation of BC cell proliferation by Ambra1, we also conducted EdU 
and colony formation assays. The results were all similar to those of the CCK-8 assay (Figure 2E and F, * p < 0.05).

In conclusion, the above data indicate that silencing p27 can effectively counteract the proliferation-inhibiting effect 
caused by the knockdown of Ambra1, suggesting that p27 plays a crucial role in the regulation of BC cell proliferation by 
Ambra1.

Knockdown of Ambra1 Promotes the Transcription of p27
To determine the mechanism by which Ambra1 regulates p27 expression, we first tested whether Ambra1 interacts with 
p27 using a coimmunoprecipitation (co-IP) assay in MDA-MB-231 cells. 3 × Flag and 3 × Flag-AMBRA1 lentiviral 
vectors were transfected into MDA-MB-231 cells for 48 h. Then, a co-IP assay was performed. As shown in Figure 3A, 
there was no interaction between these two proteins. Next, we analyzed whether Ambra1 affects p27 degradation. MDA- 
MB-231 cells were treated with 50 μg/mL CHX with or without shAMBRA1-1 for 0, 2, 4 or 6 h, after which the 
expression of p27 was evaluated by Western blotting. The results revealed that the knockdown of Ambra1 did not 
significantly affect the degradation of the p27 protein (Figure 3B).

To investigate whether p27 regulated at the transcriptional level, we cloned the CDKN1B promoter into the pGL3- 
basic vector and measured its activity by the luciferase signal in 293T cells. In 293T cells, shAMBRA1-1 also significantly 
reduced the expression of Ambra1 (Figure 3C). As shown in Figure 3D, CDKN1B promoter activity was greatly 
increased in Ambra1-knockdown cells (*p < 0.05). Thus, the downregulation of Ambra1 promotes p27 transcription.

FoxO1 Mediates the Regulation of p27 Transcription by Ambra1
p27 is a target gene of the transcription factor FoxO1.30–33 However, it remains unclear whether the regulation of p27 
transcription by Ambra1 is mediated by FoxO1. Therefore, we subsequently investigated the role of FoxO1 in this 
process. To this end, we used siFOXO1 to silence FoxO1 in MCF-7 and MDA-MB-231 cells (Figure 4A, * p < 0.05). 
After the cells were transfected with siCtrl, siFOXO1, shAMBRA1-1, shAMBRA1-1 + siCtrl or shAMBRA1-1 + siFOXO1 
for 48 h, the expression of p27 was detected by Western blotting. The results revealed that in MCF-7 and MDA-MB-231 
cells, compared with the siCtrl group, the expression of p27 in the siFOXO1 group was significantly decreased, while that 
in the shAMBRA1-1 group was significantly increased, and the expression of p27 in the shAMBRA1-1 + siFOXO1 group 
was significantly lower than that in the shAMBRA1-1 group (Figure 4B, * p < 0.05).

To further confirm that Ambra1 regulates the transcription of p27 through FoxO1, we determined the activity of the 
CDKN1B promoter in 293T cells using the luciferase reporter assay. After the 293T cells were transfected with siCtrl, 
siFOXO1, shAMBRA1-1, shAMBRA1-1 + siCtrl or shAMBRA1-1 + siFOXO1 for 48 h, the activity of the CDKN1B 
promoter was detected. The results showed that compared with the siCtrl group, the activity of the CDKN1B promoter in 
the siFOXO1 group was significantly decreased, while that in the shAMBRA1-1 group was significantly increased; 
moreover, the activity of the CDKN1B promoter in the shAMBRA1-1 group was significantly higher than that in the 
shAMBRA1-1 + siFOXO1 group (Figure 4C, * p < 0.05). Therefore, FoxO1 plays a crucial role in the regulation of p27 
transcription and expression by Ambra1.
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Ambra1 Regulates the Phosphorylation and Subcellular Localization of FoxO1
The transcriptional activity of FoxO1 depends mainly on its phosphorylation status and subcellular localization.32,36–38 In 
general, only FoxO1 located in the nucleus has transcriptional functions. When FoxO1 is phosphorylated, it is expelled 
from the nucleus into the cytoplasm and degraded, resulting in the inhibition of target gene transcription.39 In our 
previous study, we reported that Ambra1 could modulate the phosphorylation and intracellular localization of FoxO1, 
thereby influencing the transcription of Bim by FoxO1.34 However, which residue of FoxO1 is regulated by Ambra1 for 
its phosphorylation has not been determined.

Figure 3 Knockdown of Ambra1 promotes the transcription of p27 (A) MDA-MB-231 cells were transfected with 3 × Flag or 3 × Flag-AMBRA1 for 48 h, and co-IP was 
performed with anti-Flag or anti-p27 antibodies. (B) MDA-MB-231 cells were treated with 50 μg/mL CHX with or without shAMBRA1-1 for 0, 2, 4 or 6 h, and then p27 was 
detected by Western blotting. (C) 293T cells were transfected with scramble or shAMBRA1-1 for 48 h, after which the protein of Ambra1 was tested by Western blotting. 
(D) pGL3-CDKN1B or pGL3-basic vector was co-transfected with scramble or shAMBRA1-1 into 293T cells for 48 h, and CDKN1B promoter activity was detected. The 
results (means ± SDs) were derived from three independent experiments (*p < 0.05, ns p > 0.05).
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Figure 4 FoxO1 mediates the regulation of p27 transcription by Ambra1 (A) MCF-7 and MDA-MB-231 cells were transfected with siCtrl or siFOXO1 for 48 h, after which 
the expression of p27 was tested by Western blotting. (B) MCF-7 and MDA-MB-231 cells were transfected with siCtrl, siFOXO1, shAMBRA1-1, shAMBRA1-1 + siCtrl or 
shAMBRA1-1 + siFOXO1 for 48 h, after which the expression of p27 was tested by Western blotting. (C) pGL3-CDKN1B or pGL3-basic vectors were co-transfected with 
siCtrl, siFOXO1, shAMBRA1-1, shAMBRA1-1 + siCtrl or shAMBRA1-1 + siFOXO1 into 293T cells for 48 h, and CDKN1B promoter activity was detected. The results (means ± 
SDs) were derived from three independent experiments (*p < 0.05).
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To determine the residue sites at which Ambra1 phosphorylates FoxO1, we first transfected MCF-7 and MDA-MB-231 cells 
with scramble or shAMBRA1-1 for 48 hours. Subsequently, Western blotting was used to detect the expression of FoxO1, FoxO1 
phosphorylated at serine 256 (pFoxO1s256), FoxO1 phosphorylated at threonine 24 (pFoxO1T24), and FoxO1 phosphorylated at 
serine 319 (pFoxO1s319). The results revealed that the expression of pFoxO1s256 was significantly decreased, whereas there were 
no significant changes in the expression of FoxO1, pFoxO1T24 or pFoxO1s319 (Figure 5A, * p < 0.05, ns p > 0.05). Therefore, 
Ambra1 mainly regulates the phosphorylation status of the serine 256 residue of FoxO1.

To verify the effect of Ambra1 on the phosphorylation and distribution of FoxO1 in the nucleus, MCF-7 and MDA- 
MB-231 cells were treated with shAMBRA1-1 or scramble for 48 h, and then Western blotting was used to detect the 
nuclear FoxO1 (FoxO1n) and pFoxO1s256 (pFoxO1n

s256). The results showed that shAMBRA1-1 reduced the expression 
of pFoxO1n

s256, while increasing FoxO1n (Figure 5B, * p < 0.05).
Therefore, downregulation of Ambra1 has no effect on the expression of FoxO1, but inhibits its phosphorylation, 

resulting in more FoxO1 accumulating in the nucleus to exert transcriptional activity.

Ambra1 Regulates the Transcription of p27 via Akt-Mediated Phosphorylation of 
FoxO1
Akt plays a crucial role in the regulation of the phosphorylation of FoxO1.37,39 To confirm the role of Akt in regulating 
FoxO1 phosphorylation by Ambra1, we overexpressed Ambra1 in MCF-7 and MDA-MB-231 cells using LV-AMBRA1 
(Figure 6A, * p < 0.05). As expected, the overexpression of Ambra1 led to an increase in the expression of both Akt and 
pAkt (Figure 6B, * p < 0.05, ns p > 0.05).

We subsequently explored whether Ambra1 also regulates the phosphorylation of FoxO1 through Akt to control the 
transcription of p27. 1 nM GSK-690693 was used to inhibit the phosphorylation of Akt. Figure 6B showed that GSK had no 
significant effect on the expression of Akt, but could significantly inhibit the expression of pAkt; in addition, the increase in 
pAkt induced by the LV-AMBRA1 was also significantly inhibited by GSK (Figure 6B, * p < 0.05, ns p > 0.05). After MCF-7 
and MDA-MB-231 cells were transfected with Empty, LV-AMBRA1, or LV-AMBRA1 + GSK for 48 h, the expression of total 
FoxO1 and pFoxO1s256, as well as the expression of FoxO1n and pFoxO1n

s256 in nucleus, was detected by Western blotting. 
The results revealed that the overexpression of Ambra1 had no significant effect on total FoxO1, but increased the expression 
of pFoxO1s256, which was reversed by GSK (Figure 6C, * p < 0.05). However, in the nucleus, LV-AMBRA1 increased the level 
of pFoxO1n

s256 while decreasing that of FoxO1n, and the addition of GSK reversed the situation (Figure 6D, * p < 0.05). 
Meanwhile, the decrease in p27 caused by Ambra1 overexpression was also reversed by GSK (Figure 6E, * p < 0.05).

The above results fully demonstrate that Ambra1 regulates the phosphorylation of FoxO1 through Akt, thereby 
modulating the distribution of FoxO1 in the nucleus and the transcription of p27.

Ambra1 Regulates Breast Cancer Cell Proliferation Through p27 in vivo
To confirm whether Ambra1 regulates the proliferation of BC cells through p27 in vivo, we inoculated BALB / c nude 
mice with MDA-MB-231 cells that had previously been transfected with scramble, shAMBRA1-1 or shAMBRA1-1 + 
shCDKN1B for 48 h. On the 31st day after cell inoculation, the tumors were removed and their volume and weight were 
measured. The tumors were subsequently embedded in paraffin in preparation for HE staining. The results revealed that 
both the volume and weight of the tumors in the scramble group were significantly greater than those in the shAMBRA1-1 
+ shCDKN1B group, whereas no tumors formed in the shAMBRA1-1 group (Figure 7A–D, * p < 0.05). HE staining 
revealed many tumor cells in the tumors of both the scramble group and the shAMBRA1-1 + shCDKN1B group, 
indicating that the xenograft tumor model in nude mice was successfully established (Figure 7E). Specifically, in vivo, 
the silencing of Ambra1 significantly inhibited the proliferation of BC cells, whereas the inhibition of p27 expression 
partially reversed the inhibitory effects of Ambra1 silencing on the proliferation of BC cells. Therefore, p27 plays an 
important role in the regulation of BC cell proliferation by Ambra1.
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Figure 5 Ambra1 regulates the phosphorylation and subcellular localization of FoxO1 MCF-7 and MDA-MB-231 cells were transfected with scramble or shAMBRA1-1 for 
48 h, (A) the expression of FoxO1, pFoxO1s256, pFoxO1T24 and pFoxO1s136 was tested by Western blotting; (B) the expression of FoxO1n and pFoxO1n

s256 was tested by 
Western blotting. The results (means ± SDs) were derived from three independent experiments (*p < 0.05, ns p > 0.05).
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Figure 6 Ambra1 regulates the transcription of p27 via Akt-mediated phosphorylation of FoxO1 (A) MCF-7 and MDA-MB-231 cells were transfected with Empty or LV-AMBRA1 for 
48 h, the expression of Ambra1 was tested by Western blotting. (B) MCF-7 and MDA-MB-231 cells were treated with or without 1 nm GSK combined with Empty or LV-AMBRA1 for 
48 h, then the expression of Akt and pAkt was tested by Western blotting; (C) the expression of FoxO1 and pFoxO1s256 was tested by Western blotting; (D) the expression of FoxO1n 

and pFoxO1n
s256 was tested by Western blotting; (E) the expression of p27 was tested by Western blotting. The results (means ± SDs) were derived from three independent 

experiments (*p < 0.05, ns p > 0.05).
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Discussion
In this study, we demonstrated that Ambra1 is a critical factor in the development of BC and that a decrease in its 
expression can inhibit the proliferation of BC cells. Moreover, p27, a key downstream target of Ambra1, plays an 
important role in this process. Additionally, we clarified that Ambra1 regulates the expression of p27 at the transcrip
tional level through the Akt-FoxO1 signaling pathway.

Ambra1 is a key component of the autophagy core complex.6 As a scaffold protein, it is involved in regulating 
multiple cellular signaling pathways.7–19 Recently, it has been discovered that Ambra1 is also involved in the 

Figure 7 Ambra1 regulates breast cancer cell proliferation through p27 in vivo (A) After transfection with scramble, shAMBRA1-1 or shAMBRA1-1 + shCDKN1B for 48 h, MDA-MB-231 
cells were inoculated into BALB/ c nude mice. (B) After the cells were inoculated for the indicated times, the tumors in the nude mice were removed, and (C) the volume and (D) weight 
of the tumors were measured. (E) Xenograft tumors were detected by HE staining (*p < 0.05).
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regulation of cell proliferation. Cianfanelli et al reported that in MEFs, the absence of Ambra1 can increase the 
phosphorylation and stability of c-Myc, which is an important protein that promotes cell proliferation.22 Therefore, 
Ambra1 can regulate cell proliferation through the c-Myc pathway. As mentioned earlier, Ambra1 can regulate the cell 
cycle by controlling the turnover of D-type cyclins.13–17 In uveal melanoma cells and mantle cell lymphoma (MCL) 
cells, high expression of Ambra1 promoted the ubiquitination and degradation of cyclin D1, arresting the cell cycle at 
the G1/S phase and thereby inhibiting cell proliferation.40,41 Additionally, in a mouse melanoma model carrying 
BrafV600E/+, Pten−/− mutations, the depletion of Ambra1 led to the accumulation of cyclin D1, which in turn promoted 
tumor proliferation, invasion, and metastasis.42,43 Therefore, Ambra1 can regulate cancer cell proliferation in a cyclin 
D1-dependent manner. All the above results suggest that Ambra1 is a factor that inhibits cell proliferation. In contrast, 
Ye et al reported that Ambra1 deficiency significantly inhibited the expression of cyclin D1 and the proliferation of 
gastric adenocarcinoma cells.23 In this study, we explored the regulatory effects of Ambra1 on the proliferation of BC 
cells. The results showed that downregulating the expression of Ambra1 significantly inhibited cell proliferation. 
Moreover, the downregulation of Ambra1 significantly inhibited the growth of xenograft tumors in nude mice. These 
results are consistent with those of Ye et al.23 Thus, Ambra1 seems to play a dual role in promoting and inhibiting cell 
proliferation. The dual effect of Ambra1 on cell proliferation is most likely related to the type of cancer. In addition, 
other factors may also have an impact, such as the tumor microenvironment and the activation of different signaling 
pathways.9,10,19

p27 can effectively arrest cells in the G1 phase and inhibit cell proliferation.24–29 Knocking down Ambra1 led to 
arrest of the cell cycle in BC cells in the G1 phase. Therefore, p27 may play an important role in this process. To prove 
that p27 is involved in the regulation of BC cell proliferation by Ambra1, we first verified that Ambra1 has a regulatory 
effect on the expression of p27. To further confirm the correlation between Ambra1 and p27, we detected the 
expression of these two proteins in the samples of 50 patients with breast cancer. The results revealed that the 
expression of p27 was relatively low in patients with high expression of Ambra1, and vice versa. This further 
illustrates the negative correlation between these two proteins. As expected, our in vitro and in vivo experiments 
demonstrated that the slowdown in the proliferation of BC cells induced by the downregulation of Ambra1 was 
reversed by the silencing of p27. Therefore, p27 plays an indispensable role in the regulation of BC cell proliferation 
by Ambra1. It should be noted that inhibition of p27 expression could only partially reverse the inhibitory effect of 
Ambra1 silencing on breast cancer cell proliferation in nude mouse xenograft tumor models. This might be due to the 
complex internal environment, where the inhibition of the p27 pathway may be compensated by other mechanisms 
such as cyclin Ds and autophagy. This result also suggests that the regulatory mechanism of Ambra1 on breast cancer 
cell proliferation is relatively complex, and p27 pathway is only one of them. The relevant mechanisms still need 
further exploration.

p27 is a downstream target gene of FoxO1.30–33 In MCF-7 and MDA-MB-231 cells, Ambra1 regulated the expression 
of p27 at the transcriptional level. These findings suggest that FoxO1 may play an important role in the regulation of p27 
expression by Ambra1. This was confirmed by the fact that the increase in p27 expression caused by the downregulation 
of Ambra1 was inhibited by the silencing of FoxO1. Therefore, FoxO1 is essential for the regulation of p27 expression 
by Ambra1. We previously demonstrated that Ambra1 can promote the phosphorylation of FoxO1 through Akt.31 In this 
study, we confirmed that Ambra1 mainly regulates the phosphorylation of FoxO1 at serine 256 via Akt, thereby altering 
the nuclear distribution and transcriptional activity of FoxO1. Moreover, the decrease in p27 expression caused by high 
Ambra1 expression was reversed by the Akt inhibitor GSK. Thus, Ambra1 also regulates the expression of p27 through 
the Akt-FoxO1 pathway.

Conclusions
Ambra1 plays a pivotal role in regulating BC cell proliferation through the Akt-FoxO1-p27 signaling axis. Therefore, 
Ambra1 is an important factor in the development of breast cancer and also a potential therapeutic target.
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Breast Cancer: Targets and Therapy 2025:17                                                                                   https://doi.org/10.2147/BCTT.S554928                                                                                                                                                                                                                                                                                                                                                                                                    963

Qin et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)



Ethics Approval and Informed Consent
This study was performed in line with the principles of the Declaration of Helsinki and GB/T 42011-2022 Laboratory 
Animals-General Principles of Welfare. Approval was granted by the Ethics Committee of the Second Affiliated Hospital 
of Guangxi Medical University (February 19th, 2021/KY-0007 and KY-0008).

Author Contributions
All authors made a significant contribution to the work reported, whether that is in the conception, study design, 
execution, acquisition of data, analysis and interpretation, or in all these areas; took part in drafting, revising or critically 
reviewing the article; gave final approval of the version to be published; have agreed on the journal to which the article 
has been submitted; and agree to be accountable for all aspects of the work.

Funding
This work was supported by the National Natural Science Foundation of China (grant numbers 82160499 and 
82460521); Guangxi Medical and Health Key Discipline Construction Project (grant number 2022049); Innovation 
Project of Guangxi Graduate Education (grant number YCSW2023226).

Disclosure
The authors report there are no competing interests to declare.

References
1. Bray F, Laversanne M, Sung H, et al. Global cancer statistics 2022: GLOBOCAN estimates of incidence and mortality worldwide for 36 cancers in 

185 countries. Ca a Cancer J Clin. 2024;74(3):229–263. doi:10.3322/caac.21834
2. Breast Cancer Expert Committee of National Quality Control Center for Cancer. Breast cancer expert committee of china anti-cancer association, 

cancer drug clinical research committee of china anti-cancer association. guidelines for diagnosis and treatment of advanced breast cancer in China 
(2022 edition). J National Cancer Center. 2024;4(2):107–127. doi:10.1016/j.jncc.2023.12.001

3. Hanahan D. Hallmarks of cancer: new dimensions. Cancer Discov. 2022;12(1):31–46. doi:10.1158/2159-8290.CD-21-1059
4. Swanton C, Bernard E, Abbosh C, et al. Embracing cancer complexity: hallmarks of systemic disease. Cell. 2024;187(7):1589–1616. doi:10.1016/j. 

cell.2024.02.009
5. Feitelson MA, Arzumanyan A, Kulathinal RJ, et al. Sustained proliferation in cancer: mechanisms and novel therapeutic targets. Semin Cancer 

Biol. 2015;35:S25–S54.
6. Maria FG, Stoykova A, Romagnoli A, et al. Ambra1 regulates autophagy and development of the nervous system. Nature. 2007;447 

(7148):1121–1125. doi:10.1038/nature05925
7. Cianfanelli V, De ZD, Di BS, et al. Ambra1 at a glance. J Cell Sci. 2015;128(11):2003–2008. doi:10.1242/jcs.168153
8. Cianfanelli V, Nazio F, Cecconi F. Connecting autophagy AMBRA1 and its network of regulation. Mol Cell Oncol. 2015;2(1):e970059. 

doi:10.4161/23723548.2014.970059
9. Qin YQ, Liu SY, Lv ML, Sun WL. Ambra1 in cancer: implications for clinical oncology. Apoptosis. 2022;27(9–10):720–729. doi:10.1007/s10495- 

022-01762-9
10. Li X, Lyu Y, Li J, Wang X. AMBRA1 and its role as a target for anticancer therapy. Front Oncol. 2022;12:946086. doi:10.3389/fonc.2022.946086
11. Liu M, Wang Y, Teng F, et al. Structure of the DDB1-AMBRA1 E3 ligase receptor complex linked to cell cycle regulation. Nat Commun. 2023;14 

(1):7631. doi:10.1038/s41467-023-43174-6
12. Di RM, Romagnoli A, Refolo GG, et al. Role of AMBRA1 in mitophagy regulation: emerging evidence in aging-related diseases. Autophagy. 

2024;20(12):2602–2615. doi:10.1080/15548627.2024.2389474
13. Chaikovsky AC, Li C, Jeng EE, et al. The AMBRA1 E3 ligase adaptor regulates the stability of cyclin D. Nature. Nature. 2021;592 

(7856):794–798. doi:10.1038/s41586-021-03474-7
14. Maiani E, Milletti GG, Nazio F, et al. AMBRA1 regulates cyclin D to guard S-phase entry and genomic integrity. Nature. 2021;592(7856):799–803. 

doi:10.1038/s41586-021-03422-5
15. Simoneschi D, Rona G, Zhou N, et al. CRL4AMBRA1 is a master regulator of D-type cyclins. Nature. 2021;592(7856):789–793. doi:10.1038/ 

s41586-021-03445-y
16. Maiani E, Milletti G, Cecconi F. The pro-autophagic protein AMBRA1 coordinates cell cycle progression by regulating CCND (cyclin D) stability. 

Autophagy. 2021;17(12):4506–4508. doi:10.1080/15548627.2021.1985917
17. Chaikovsky AC, Sage J, Pagano M, Simoneschi D. The Long-lost ligase: CRL4AMBRA1 Regulates the stability of d-type cyclins. Dna Cell Biol. 

2021;40(12):1457–1461. doi:10.1089/dna.2021.0659
18. Becher J, Simula L, Volpe E, et al. AMBRA1 controls regulatory t-cell differentiation and homeostasis upstream of the FOXO3-FOXP3 axis. Dev 

Cell. 2018;47(5):592–607. doi:10.1016/j.devcel.2018.11.010
19. Frias A, Di LL, Antoranz A, et al. Ambra1 modulates the tumor immune microenvironment and response to PD-1 blockade in melanoma. 

J Immunother Cancer. 2023;11(3):e006389. doi:10.1136/jitc-2022-006389
20. Malumbres M, Barbacid M. Cell cycle, CDKs and cancer: a changing paradigm. Nat Rev Cancer. 2009;9(3):153–166. doi:10.1038/nrc2602
21. Sherr CJ. Cancer cell cycles. Science. 1996;274:1672–1677. doi:10.1126/science.274.5293.1672

https://doi.org/10.2147/BCTT.S554928                                                                                                                                                                                                                                                                                                                                                                                                                                                 Breast Cancer: Targets and Therapy 2025:17 964

Qin et al                                                                                                                                                                             

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://doi.org/10.3322/caac.21834
https://doi.org/10.1016/j.jncc.2023.12.001
https://doi.org/10.1158/2159-8290.CD-21-1059
https://doi.org/10.1016/j.cell.2024.02.009
https://doi.org/10.1016/j.cell.2024.02.009
https://doi.org/10.1038/nature05925
https://doi.org/10.1242/jcs.168153
https://doi.org/10.4161/23723548.2014.970059
https://doi.org/10.1007/s10495-022-01762-9
https://doi.org/10.1007/s10495-022-01762-9
https://doi.org/10.3389/fonc.2022.946086
https://doi.org/10.1038/s41467-023-43174-6
https://doi.org/10.1080/15548627.2024.2389474
https://doi.org/10.1038/s41586-021-03474-7
https://doi.org/10.1038/s41586-021-03422-5
https://doi.org/10.1038/s41586-021-03445-y
https://doi.org/10.1038/s41586-021-03445-y
https://doi.org/10.1080/15548627.2021.1985917
https://doi.org/10.1089/dna.2021.0659
https://doi.org/10.1016/j.devcel.2018.11.010
https://doi.org/10.1136/jitc-2022-006389
https://doi.org/10.1038/nrc2602
https://doi.org/10.1126/science.274.5293.1672


22. Cianfanelli V, Fuoco C, Lorente M, et al. AMBRA1 links autophagy to cell proliferation and tumorigenesis by promoting c-Myc dephosphorylation 
and degradation. Nat Cell Biol. 2015;17(1):20–30. doi:10.1038/ncb3072

23. Ye L, Lin D, Zhang W, et al. AMBRA1 drives gastric cancer progression through regulation of tumor plasticity. Front Immunol. 2024;15:1494364. 
doi:10.3389/fimmu.2024.1494364

24. Bencivenga D, Caldarelli I, Stampone E, et al. p27 Kip1 and human cancers: a reappraisal of a still enigmatic protein. Cancer Lett. 
2017;403:354–365. doi:10.1016/j.canlet.2017.06.031

25. Nilmani N, D’Costa M, Bothe A, et al. CDK regulators-Cell cycle progression or apoptosis-Scenarios in normal cells and cancerous cells. Adv 
Protein Chem Struct. 2023;135:125–177.

26. Satoh T, Kaida D. Upregulation of p27 cyclin-dependent kinase inhibitor and a C-terminus truncated form of p27 contributes to G1 phase arrest. 
Scientific Reports. 2016;6(1):27829. doi:10.1038/srep27829

27. Li J, Lian ZG, Xu YH, et al. Downregulation of nuclear protein-1 induces cell cycle arrest in G0/G1 phase in glioma cells in vivo and in vitro via 
P27. Neoplasma. 2020;67(4):843–850. doi:10.4149/neo_2020_190814N759

28. Huang H, Qiu D, Zhou Z, et al. A pan-cancer analysis for the oncogenic role of cyclin-dependent kinase inhibitor 1B in human cancers. Discov 
Oncol. 2023;14(1):126. doi:10.1007/s12672-023-00746-8

29. Li N, Zeng J, Sun F, et al. p27 inhibits CDK6/CCND1 complex formation resulting in cell cycle arrest and inhibition of cell proliferation. Cell 
Cycle. 2018;17(19–20):2335–2348. doi:10.1080/15384101.2018.1526598

30. Farhan M, Wang H, Gaur U, et al. FOXO signaling pathways as therapeutic targets in cancer. Int J Biol Sci. 2017;13(7):815–827. doi:10.7150/ 
ijbs.20052

31. Yang F, Chen E, Yang Y, et al. The Akt/FoxO/p27Kip1 axis contributes to the anti-proliferation of pentoxifylline in hypertrophic scars. J Cell Mol 
Med. 2019;23(9):6164–6172. doi:10.1111/jcmm.14498

32. Ebrahimnezhad M, Natami M, Bakhtiari GH, et al. FOXO1, a tiny protein with intricate interactions: promising therapeutic candidate in lung 
cancer. Biomed Pharmacother. 2023;169:115900. doi:10.1016/j.biopha.2023.115900

33. Tokumasu R, Yasuhara R, Kang S, et al. Transcription factor FoxO1 regulates myoepithelial cell diversity and growth. Sci Rep-Uk. 2014;14 
(1):1069. doi:10.1038/s41598-024-51619-1

34. Sun WL, He LY, Liang L, et al. Ambra1 regulates apoptosis and chemosensitivity in breast cancer cells through the Akt-FoxO1-Bim pathway. 
Apoptosis. 2022;27(5–6):329–341. doi:10.1007/s10495-022-01718-z

35. He RQ, Xiong DD, Ma J, et al. The clinicopathological significance and correlative signaling pathways of an autophagy-related gene, Ambra1, in 
breast cancer: a study of 25 microarray RNA-Seq datasets and in-house gene silencing. Cell Physiol Biochem. 2018;51:1027–1040. doi:10.1159/ 
000495483

36. Xing YQ, Li A, Yang Y, et al. The regulation of FOXO1 and its role in disease progression. Life Sci. 2018;193:124–131. doi:10.1016/j. 
lfs.2017.11.030

37. Zhang X, Jiang L, Liu H. Forkhead box protein o1 functional diversity and post-translational modification, a new therapeutic target? Drug Des Dev 
Ther. 2021;15:1851–1860. doi:10.2147/DDDT.S305016

38. Teaney NA, Cyr NE. FoxO1 as a tissue-specific therapeutic target for type 2 diabetes. Front Endocrinol. 2023;14:1286838. doi:10.3389/ 
fendo.2023.1286838

39. Brunet A, Bonni A, Zigmond MJ, et al. Akt promotes cell survival by phosphorylating and inhibiting a Forkhead transcription factor. Cell. 1999;96 
(6):857–868. doi:10.1016/S0092-8674(00)80595-4

40. Zhao B, Yang Y, Cun B, Chen P. AMBRA1 attenuates the proliferation of uveal melanoma cells. Open Med-Warsaw. 2021;17(1):1–14. 
doi:10.1515/med-2021-0386

41. Jiang ZP, Zhang A, Wei WJ, et al. Ambra1 modulates the sensitivity of mantle cell lymphoma to palbociclib by regulating cyclin D1. Sci Rep. 
2023;13:8389. doi:10.1038/s41598-023-35096-6

42. Di LL, Bodemeyer V, Bosisio FM, et al. Loss of Ambra1 promotes melanoma growth and invasion. Nature Commun. 2021;12(1):2550. 
doi:10.1038/s41467-021-22772-2

43. Di Leo L, De Zio D. AMBRA1 has an impact on melanoma development beyond autophagy. Autophagy. 2021;17(7):1802–1803. doi:10.1080/ 
15548627.2021.1940608

Breast Cancer: Targets and Therapy                                                                                           

Publish your work in this journal 
Breast Cancer - Targets and Therapy is an international, peer-reviewed open access journal focusing on breast cancer research, identification of 
therapeutic targets and the optimal use of preventative and integrated treatment interventions to achieve improved outcomes, enhanced survival 
and quality of life for the cancer patient. The manuscript management system is completely online and includes a very quick and fair peer-review 
system, which is all easy to use. Visit http://www.dovepress.com/testimonials.php to read real quotes from published authors.  

Submit your manuscript here: https://www.dovepress.com/breast-cancer—targets-and-therapy-journal

Breast Cancer: Targets and Therapy 2025:17                                                                                           965

Qin et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://doi.org/10.1038/ncb3072
https://doi.org/10.3389/fimmu.2024.1494364
https://doi.org/10.1016/j.canlet.2017.06.031
https://doi.org/10.1038/srep27829
https://doi.org/10.4149/neo_2020_190814N759
https://doi.org/10.1007/s12672-023-00746-8
https://doi.org/10.1080/15384101.2018.1526598
https://doi.org/10.7150/ijbs.20052
https://doi.org/10.7150/ijbs.20052
https://doi.org/10.1111/jcmm.14498
https://doi.org/10.1016/j.biopha.2023.115900
https://doi.org/10.1038/s41598-024-51619-1
https://doi.org/10.1007/s10495-022-01718-z
https://doi.org/10.1159/000495483
https://doi.org/10.1159/000495483
https://doi.org/10.1016/j.lfs.2017.11.030
https://doi.org/10.1016/j.lfs.2017.11.030
https://doi.org/10.2147/DDDT.S305016
https://doi.org/10.3389/fendo.2023.1286838
https://doi.org/10.3389/fendo.2023.1286838
https://doi.org/10.1016/S0092-8674(00)80595-4
https://doi.org/10.1515/med-2021-0386
https://doi.org/10.1038/s41598-023-35096-6
https://doi.org/10.1038/s41467-021-22772-2
https://doi.org/10.1080/15548627.2021.1940608
https://doi.org/10.1080/15548627.2021.1940608
https://www.dovepress.com
http://www.dovepress.com/testimonials.php
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress

	Introduction
	Materials and Methods
	Cell Lines and Culture
	Agents, Assay Kits and Antibodies
	Lentiviral Vector and siRNA Construction and Transfection
	Real-Time Quantitative PCR (qRT‒PCR)
	Western Blotting
	CCK-8
	EdU Assay
	Cell Cycle
	Colony Formation
	Luciferase Reporter Assay
	Coimmunoprecipitation (Co-IP)
	Immunohistochemistry
	Mouse Xenograft Models
	Hematoxylin & Eosin Staining (HE)
	Statistical Analyses

	Results
	Knockdown of Ambra1 Inhibits the Proliferation ofBC Cells by Inducing G1 Phase Arrest
	p27 is Essential for the Ability of Ambra1 to Regulate the Proliferation ofBC Cells
	Knockdown of Ambra1 Promotes the Transcription of p27
	FoxO1 Mediates the Regulation of p27 Transcription by Ambra1
	Ambra1 Regulates the Phosphorylation and Subcellular Localization of FoxO1
	Ambra1 Regulates the Transcription of p27 via Akt-Mediated Phosphorylation of FoxO1
	Ambra1 Regulates Breast Cancer Cell Proliferation Through p27 invivo

	Discussion
	Conclusions
	Data Sharing Statement
	Ethics Approval and Informed Consent
	Author Contributions
	Funding
	Disclosure

