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cumulative survival rate (Fig. 4e): the AEP-treated group 
had a shorter survival time compared with the AEPI-
treated mice.

AEP Regulates PI3K/AKT Pathway Activation

The PI3K/AKT pathway plays a critical role in mul-
tiple biological processes, including proliferation, migra-
tion, and invasion, and previous studies have found that 
AKT activation is regulated by AEP in gastric cancer 
cells. To explore whether the PI3K/AKT pathway is 
influenced by AEP in mammary cancer, Western blotting 
was used to analyze the relative proteins of this pathway 
in mammary cancer and metastasis tissues. As shown 
in Figure 5a, the level of PI3K and AKT phosphoryla-
tion increased significantly in the AEP-treated mammary 
cancer tissue compared with the control group, even 
though the expression of total PI3K and AKT protein did 
not change. Additionally, the levels of these phosphory-
lated proteins decreased when the mice were treated with 
AEPIs. Similar results were found in the metastatic tissue 

(Fig. 5b), revealing that AEP may promote tumor pro-
gression via the PI3K/AKT pathway.

DISCUSSION

Previous studies have revealed that overexpression of 
AEP in human breast neoplasms correlates with a poor 
prognosis. Serum AEP also promotes tumor invasion and 
metastasis in an athymic mouse model, but the opposite 
effect occurs with AEP inhibition8,15. To mimic the clinical 
situation in a mouse breast cancer model to further ana-
lyze the function of circulating AEP in mammary cancer 
development, we generated a spontaneous breast cancer 
model in MMTV-PyVmT mice. We found that AEP was 
highly expressed in both primary tumors and lung metas-
tases and that the level of serum AEP increased  during 
tumor progression. Furthermore, an increased level of 
serum AEP facilitated migration and metastasis, whereas 
such activity was weakened when AEP was inhibited.

As a peptidase with strict specificity for asparagine 
bonds, AEP plays a crucial role in the processing and 

Figure 1. AEP is highly expressed in primary mammary tissue and lung metastasis tissue. (a) Western blot analysis was performed 
using three paired normal mammary and tumor tissue specimens. The 55-kDa band is pro-AEP, and the 34-kDa band is active AEP; 
GAPDH was used as an internal control for equal loading. (b) AEP expression in normal lung tissue and lung metastasis tissue was 
detected by Western blotting. (c) Concentration of circulating AEP was assessed by ELISA assay over different time periods.
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presentation of antigens, promoting angiogenesis factor 
release, activating matrix metalloproteinases, modulating 
fibronectin, participating in tumor-associated macrophage 
functions, and regulating the epithelial-to-mesenchymal 
transition (EMT)6,8,12,16–19. Thus, AEP is a risk factor 
closely associated with cancer prognosis. AEP is rarely 
expressed in normal mammary tissue but is highly 
expressed in mammary cancer tissue. In this study, tumor 
progression was effectively suppressed when MMTV-
PyVmT mice were treated with an AEPI, indicating that 
AEP-targeted therapy might be an effective treatment for 
breast cancer in the clinic.

AKT is a serine/threonine kinase, and the PI3K/AKT 
pathway is involved in regulating cell growth, adhesion, 
and migration in response to bioactive substances20,21. 
AKT activation or overexpression can be considered to 
be a biomarker for predicting hematogenous metastasis 
of breast cancer in humans22. In a previous study, Cui 
et al.6 found that knockdown of AEP markedly inhib-
ited the activation via phosphorylation of proteins in the 
AKT signaling pathway, resulting in reduced EMT in 
gastric cancer. EMT allows epithelial cells to acquire a 
mesenchymal-like phenotype, which usually correlates 
with tumor migration and metastasis23–25. Emerging evi-
dence shows that the PI3K/AKT pathway modulates the 
expression of E-cadherin, which is consistently involved 
in EMT in breast cancer26. Our in vivo study revealed 
that inhibition of AEP reduced AKT activation in both 
primary and metastatic sites. However, we were not able 
to confirm a direct interaction in vitro between PI3K/

AKT and AEP in mammary cancer, and we are currently 
assessing whether AEP regulates the process of EMT via 
the PI3K/AKT pathway.

In conclusion, we are the first to show that AEP 
is overexpressed in both primary tumor tissue and in 
lung metastases tissue. High expression of AEP was 
found to be closely related to mammary cancer progres-
sion and metastasis, and these processes were reversed 
by AEP inhib itors. Further analysis of the molecular  
mechanism revealed that AEP is important for PI3K/ 
AKT pathway activation.
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