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ABSTRACT

Forkhead box M1 (FOXM1) has been reported as a vital transcription factor in 
different human malignancies. To date, the mechanisms of FOXM1 in modulating 
the invasion and metastasis of gastric cancer cells have not been elucidated. In the 
present study, we found that overexpression of FOXM1 prompted cell migration and 
invasion of gastric cancer, and increased the expression of Cathepsin D (Cath-D). 
However, FOXM1 siRNA repressed cell migration and invasion, and also decreased 
the expression of Cath-D in gastric cancer cells. Blocking of Cath-D repressed FOXM1 
overexpression-mediated cell migration and invasion. Mechanically, FOXM1 facilitated 
the activation of Cath-D promoter. Furthermore, overexpression of Cath-D affected 
the expression of E-cadherin, leading to epithelial-mesenchymal transition (EMT) of 
gastric cancer cells. In conclusion, this study demonstrated that FOXM1 promotes 
gastric cancer cell migration and invasion through inducing expression of Cath-D in 
gastric cancer. Thus, FOXM1 may be recommended as a potential therapeutic target 
for gastric cancer patients.

INTRODUCTION

Gastric cancer is the most common one in cancer-
caused deaths in this world. Surgical operation and 
adjuvant chemotherapy have been demonstrated to 
be effective in the early stages of gastric cancer [1, 2]. 
Unfortunately, patients with gastric cancer often developed 
post-operative recurrence and lymph node metastasis. 
Overall, the 5-year overall survival rate remains very 
low, and the effects of present treatment options are not 
satisfying [3–5]. Thus, it is essential to figure out the 
complex molecular mechanisms underlying invasion 
and metastasis of gastric cancer to identify novel, useful 
markers and targets for the treatment of gastric cancer.

It has been reported that the phosphoinositide 
3-kinase (PI3K)/protein kinase B (PKB, also called AKT) 
pathway was involved in the development of gastric 
cancer [6]. Notably, the forkhead/winged helix box class 
O (FOXO) transcription factors act as downstream targets 
of the PI3K/PKB pathway. In humans, the FOXO family 
consists of four members, includingFOXO1, FOXM1, 
FOXO4 and FOXO6, which induce or suppress some 
genes related to biological functions, involving cell 
proliferation, apoptosis, metastasis, resistance to stress and 
DNA repair [7–9]. Increasing reports showed that FOXM1 
might facilitate the growth and metastasis of cancer cells. 
As reported, FOXM1 promotes cancer cell survival by 
activating NF-κB expression under stress conditions 
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[10–13]. In addition, FOXM1was reported to accelerate 
metastasis of colon cancer [14]. Thus, FOXM1 is likely 
to be used as an effective target for cancer patients [15]. 
However, the role and mechanism of FOXM1 has not been 
elucidated completely in gastric cancer.

In the previous study, we assumed that FOXM1 
might be a potential cancer inducer in gastric cancer. We 
tried to explore potential target genes of FOXM1 involved 
in cell invasion and migration. And then we used luciferase 
assays and western blot analysis to identify Cath-D as a 
target gene of FOXM1. Eventually, we knocked down 
endogenous Cath-D using its siRNA to elucidate the role 
of FOXM1 in inducing tumor development. Our study will 
lay a new foundation for a potential therapeutic target for 
gastric cancer patients.

RESULTS

Expression of FOXM1 in gastric cancer cell lines

To explore the role and mechanisms of FOXM1 
in the progression of gastric cancer, we knocked down 
and overexpressed FOXM1 using their vectors in 
both gastric cancer cell lines, SGC7901 and MKN28 
(Figure 1). Western blot analysis demonstrated that 
FOXM1 expression was obviously decreased in the 
knockdown (KD) cell lines but markedly up-regulated 
in the overexpression (OE) cells as compared with their 
respective controls.

FOXM1 promotes cell migration of gastric 
cancer

To analyze the impact of FOXM1 on cell 
migration of both gastric cancer SGC7901, and MKN28 
cell lines, we performed wound-healing assays. As 
illustrated in Figure 2, the wound healing assay revealed 

that knockdown of FOXM1 in both cells led to an 
obvious reduction in wound healing at 48 hours, while 
overexpression of FOXM1 in both cells led to an obvious 
increase in the wound healing.

FOXM1 promotes cell invasion of gastric cancer 
cells

To further figure out the function of FOXM1 in 
tumor invasion and metastasis, we detected migration 
and invasion of both cell lines using standard Matrigel 
chemoinvasion assays. As shown in Figure 3, knockdown 
of FOXM1 obviously decreased cell invasion, while 
overexpression of FOXM1 significantly increased cell 
invasion. Notably, FOXM1 showed no effects on cell 
proliferation of SGC7901 and MKN28 cells (Figure 4).

FOXM1 mediates of Cath-D expression in 
gastric cancer cells

Since Cath-D plays a crucial role in degradation 
of extracellular matrix (ECM) and tumor invasion, we 
further identified whether FOXM1 modulates of Cath-D 
expression using western blot analysis in SGC7901 and 
MKN28 cells. As shown in Figure 3, western blot analysis 
revealed that cells with knockdown of FOXM1 exhibited a 
decrease in mature Cath-D expression. On the other hand, 
cells with overexpression of FOXM1 showed an increase 
in the expression of mature Cath-D, suggesting that 
Cath-D might be a direct transcriptional target of FOXM1.

The expression of Cath-D and FOXM1 in gastric 
cancer tissues

Based on results above, we further analyzed the 
expression of FOXM1 and Cath-D proteins in 20 cases 
of gastric cancer tissues using immunohistochemistry 

Figure 1: Knockdown and overexpression of FOXM1 in gastric cancer SGC7901 and MKN28 cell lines. Western blot 
analysis was used to detect the expression of FOXM1 in SGC7901 and MKN 28 cells with FOXM1 knockdown (KD), overexpression (OE) 
or negative control (NC). Western blot analysis demonstrated that FOXM1 expression was obviously decreased in the knockdown (KD) cell 
lines but markedly up-regulated in the overexpression (OE) cells as compared with their respective controls.
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(IHC). IHC analysis revealed that 70.2% of gastric 
cancer tissues with high Cath-D expression. Tissues 
with high Cath-D expression also exhibit high FOXM1 
expression (Figure 5). Spearman correlation analysis 
revealed that Cath-D expression was obviously 
positively associated with FOXM1 expression in gastric 
cancer tissues (R2=0.653, p=0.011). These findings 
suggested that FOXM1 might mediate the generation of 
Cath-D to induce cell invasion and metastasis in gastric 
cancer.

FOXM1 induces Cath-D expression to promote 
migration and invasion in gastric cancer cells

To investigate whether Cath-D affected FOXM1-
induced migration and invasion in gastric cancer cells, 
Cath-D siRNA was transfected into SGC7901 and 
MKN28 cells with FOXM1-overexpression (Figure 6). As 
illustrated in Figure 7, Cath-D knockdown significantly 
decreased cell migration and invasion as compared with 
si-control in SGC7901 and MKN28 cells with FOXM1-

Figure 2: Migration and invasion of SGC7901 and MKN28 cells with FOXM1 knockdown or overexpression. (A) 
Depletion of FOXM1 in SGC7901 and MKN28 cells resulted in a significant decrease in wound healing. (B) Over-expression of FOXM1 
in SGC7901 and MKN28 cells resulted in a significant increase in would healing. (C) Depletion of FOXM1 in SGC7901 and MKN28 
cells resulted in a significant decrease in invasive migration. (D) Over-expression of FOXM1 in SGC7901 and MKN28 cells resulted in 
significant increase in invasive migration. Images are representative of three independent experiments. Values are Mean ± SEM. *denotes 
significance at p<0.01 relative to control by student t-test.
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overexpression.These findings showed that Cath-D 
depletion was able to abrogateFOXM1-induced cell 
migration and invasion. However, knockdown of Cath-D 

showed no obvious effect on cell growth, indicating 
that Cath-D was not involved in the processes of cell 
proliferation (Figure 8A, 8B).

Figure 3: Cath-D expression in FOXM1 knockdown or overexpressing SGC7901 and MKN28 cells. Western blot assay 
was used to detect Cath-D (CTSD) expression in SGC7901 (A, B) and MKN28 cells (C, D) with FOXM1 knockdown and overexpression, 
probed with antibody to β-actin.

Figure 4: No effects of FOXM1 on proliferation of gastric cancer SGC7901 and MKN28 cells. Cell growth of SGC7901 (A, 
B) and MKN28 (C, D) was measured using the MTT assay at various time points. Silencing or overexpressing FOXM1 has no effect on 
cell proliferation compared to negative controls. *denotes significance at p<0.01 relative to control by student t-test.
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FOXM1 induces cancer cell metastasis in vivo

To investigate the impact of FOXM1 and Cath-D 
on cancer cell metastasis, we injected FOXM1-OE 
SGC7901, FOXM1-OE and Cath-D KD SGC7901 and 

their respective control into subcutaneous tissues of 
nude mice. In-vivo assay showed that visible metastatic 
foci or nodules can be obviously observed in the lung 
of mouse with FOXM1 overexpression alone. However, 
few metastatic foci or nodules can be found in the lung 

Figure 5: Expression of FOXM1 and Cath-D in gastric cancer tissues and their correlations. Bivariate correlation analysis 
of the relationship between FOXM1 and Cath-D expression level (R2=0.653, p=0.011).

Figure 6: Knockdown of Cath-D in gastric cancer SGC7901 and MKN28 cells.  (A, B) Real-time PCR and western blot 
analysis of Cath-D expression levels in SGC7901 cells with FOXM1 overexpressing and Cath-D knockdown (KD) or negative control 
(NC). (C, D) Real-time PCR and western blot analysis of Cath-D expression levels in MKN28 cells with FOXM1 overexpressing and 
Cath-D knockdown (KD) or negative control (NC). *denotes significance at p<0.01 relative to control by student t-test.
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of mouse with FOXM1 overexpression and Cath-D 
knockdown (Figure 8C). Thus, our findings indeed 
demonstrated that FOXM1induces metastasis of gastric 
cancer through induction of Cath-D.

E-cadherin is downregulated by Cath-D

As reported, cleavage of E-cadherin needs the 
help of Cath-D, which affects cell-cell adhesion and 
induces EMT in pancreases cancers. To further validate 

the molecular mechanisms underlying Cath-D-induced 
metastasis in gastric cancer, we detected the expression 
of E-cadherin in FOXM1-OE and FOXM1-OE-Cath-D-
KD cells using western blotting analysis. As illustrated in 
Figure 9, the overexpressed Cath-D in FOXM1-OE cells 
down-regulated the expression of E-cadherin. Conversely, 
knockdown of Cath-D in FOXM1-OE cells enhanced the 
expression of E-cadherin. These findings suggested that 
Cath-D cleaves E-cadherin to promote EMT of gastric 
cancer cells in the progression of gastric cancer

Figure 7: Migration and invasion of SGC7901 and MKN28 cells with FOXM1-OE and Cath-D-KD. The FOXM1 
overexpressing cells with Cath-D knockdown exhibited decreased cell migration (A, B) and invasion (C) compared with those FOXM1 
overexpressed alone. Images are representative of three independent experiments. Values are Mean ± SEM. *denotes significance at p<0.01 
relative to control by student t-test.
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FOXM1 activates Cath-D promoter

To validate whether Cath-D serves as a 
transcriptional target of FOXM1, three Cath-D promoter 
fragments (the wild type or mutant FOXM1 putative target 
site) were cloned into pGL3-control vector. As shown 
in Figure 10, we observed that luciferase activity was 
obviously decreased in cells with cotransfection of Cath-D 
promoter-2870-mutant and pGL3-FOXM1as compared 
with Cath-D promoter-WT and pGL3-FOXM1, indicating 
that FOXM1targets −2870 site of Cath-D promoter to 
affect the transcriptional expression of Cath-D.

DISCUSSION

To date, metastasis has become a major factor of 
gastric cancer-caused mortality, the molecular mech-

anisms underlying cancer cell metastasis are still 
unclear. In this study, we identified FOXM1has an 
invasive role in the progression of human gastric cancer. 
Firstly, our observations showed that the expression of 
FOXM1 was obviously higher in gastric cancer tissues 
compared with that in adjacent non-tumor tissues 
[16]. Secondly, cell function analyses demonstrated 
thatFOXM1overexpression of FOXM1induced cell 
migration and invasion in gastric cancer. These findings 
indicated that FOXM1might acts as a tumor promoter to 
participate in metastasis of gastric cancer cells.

Next, luciferase assays were used to selected 
candidate targets of FOXM1, which were associated with 
cell migration and invasion. It has been reported that 
degradation of ECM components plays an important role 
in gastric cancer invasion and metastasis. Notably, Cath-D 
has been identified to be a family of cysteine proteases, 

Figure 8: (A, B) No effects of Cath-D on proliferation of gastric cancer SGC7901 and MKN28 cells. Cell growth of SGC7901 
(A) and MKN28 (B) in which FOXM1 was overexpressed was measured using the MTT assay at various time points. Silencing Cath-D has 
no effect on cell proliferation compared to negative controls. (C) FOXM1 promotes gastric cancer SGC7901 cell metastasis in vivo. The 
numbers of visible metastatic foci in lung of individual mouse. Values are Mean ± SEM. *denotes significance at p<0.01 relative to control 
by one way ANOVA. Values are Mean ± SEM. *denotes significance at p<0.01 relative to control by one way ANOVA.

Figure 9: E-cadherin expression in SGC7901 and MKN28 with cathespin L knockdown or overexpression. We have 
shown that Cath-D expression is elevated in FOXM1-OE cells, and E-cadherin expression is suppressed in these cells. In CTSD-KD cells, 
E-cadherin expression is elevated. This suggested a negative correlation between Cath-D and E-cadherin in SGC7901 and MKN28 cells.
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and is able to degrade a majority of the ECM components 
when secreted into the extracellular environments. As 
reported by Bach AS et al, Nuclear cathepsin D enhances 
TRPS1 transcriptional repressor function to regulate 
cell cycle progression and transformation in human 
breast cancer cells [17]. In addition, human glioblastoma 
transfected with Cath-D exhibited stronger invasion 
than control [18]. Thus Cath-D,contributes to invasion 
of cancer cells into the surrounding tissues andvessels 
and even distant organs [19, 20]. In the present study, 
we carried out luciferase assays and demonstrated that 
luciferase activity was significantly increased when 
cells were cotransfected with FOXM1 and a Cath-D3′-
UTR. Consistent with luciferase assay, the expression 
of Cath-D protein was also positively associated with 
the expression of FOXM1 in gastric cancer tissues, and 
its expression was also obviously decreased in FOXM1-
knockdown SGC7901 and MKN28 cells, suggesting 
that Cath-D is a direct target of FOXM1. It should be 
noted that Cath-D also decreased cell-cell adhesion by 
the cleavage of E-cadherin [21]. In this work, FOXM1-
overexpression increased expression levels of Cath-D to 
decrease the expression of E-cadherinin gastric cancer 
cells. Because Cath-D is not related tocell proliferation 
[22], we found cell growth in SGC7901 and MKN28 with 

Cath-D knockdown cells was not altered compared with 
the control siRNA cells.

In this study, FOXM1 induces cell migration and 
invasion of gastric cancer by inducingCath-D expression. 
However, current reports showed that the increase 
ofFOXM1 expression might predict a good prognosis 
in gastric cancer patients [18, 23]. According to recent 
references, we assumed that FOXM1 plays a different 
role in the progression of gastric cancer in different 
contexts, and FOXM1 also exert diverse biological effects 
at different stages. In the early stage, FOXM1 may be 
inactivated, which contributes to cancer cell proliferation. 
However, in later stages, FOXM1 activation will promote 
cancer cell migration and invasion [24]. In the next study, 
we will carry out further studies to identify whether 
FOXM1 is modulated by other transcription factors, in 
the progression of gastric cancer. Thus, FOXM1 may be 
also a risk factor in gastric cancer patients with radiation 
or chemotherapy.

In conclusion, this study demonstrated that FOXM1 
promotes gastric cancer cell migration and invasion by 
inducing Cath-D, and then Cath-D cleaves E-cadherin to 
induce EMT development. Thus, our study indicated that 
FOXM1 and Cath-D might be potential and useful targets 
for gastric cancer patients, especially patients with metastasis.

Figure 10: FOXM1 activates Cath-D promoter. (A) pGL3-FOXM1 was transfected into MKN28 cells previously transfected 
with CTSD promoter-WT or CTSD promoter-2510-mutant or CTSD promoter-2870-mutant constract. (B) Luciferase assays 
were performed to measure activity levels of three Cath-D promoters. Three independent experiments were carried out to 
obtain standard deviation.
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MATERIALS AND METHODS

Ethical statement

All procedures performed in studies involving 
human participants were in accordance with the ethical 
standards of the institutional and/or national research 
committee and with the 1964 Helsinki declaration and its 
later amendments or comparable ethical standards.

Cell lines and cell cultures

Gastric carcinoma cell lines SGC7901 and MKN28 
were purchased from the Shanghai Cell Bank of the 
Chinese Academy of Sciences (Shanghai, China). 293T 
cells were purchased from American Tissue culture 
collection (ATCC). All cells were cultured in RPMI 1640 
(HyClone, Logan, Utah, USA) supplemented with 10% 
FBS in a 5% CO2 humidified atmosphere at 37°C.

Tissue samples

20 paired GC and corresponding adjacent nontu-
morous samples were obtained from patients who 
underwent surgery at The Second Affiliated Hospital of 
Dalian Medical University between 2014 and 2015. All 
cases were confirmed as GC based on histopathological 
evaluation. The clinicopathological characteristics of 
the GC patients were summarized. No local or systemic 
treatment was conducted in these patients before surgery. 
All collected tissue samples were immediately snap-frozen 
in liquid nitrogen and stored at -80°C until required. Our 
study was approved by the Research Ethics Committee 
of The Second Affiliated Hospital of Dalian Medical 
University. Written informed consent was obtained from all 
patients.

Lentivirus-delivered shRNA gene knockdown

Lentivirus-delivered shRNA gene knockdown 
was performed. Briefly, the shRNA sequences used for 
lentiviral silencing FOXM1 were 5′-GCTCTTGGTGGA 
TCATCAA-3′ and 5′-CATGTTCAATGGGAGCTTGGA-3′. 
The Cath-D silencing sequences were 5′-GGCGATGCACA-
ACAGATTA-3′ and 5′-TGACACCGGCTTTGTGGAC-3′. 
The shRNA sequences were cloned into the pLenti lentiviral 
vector (Hanyin Co., Shanghai, China). The respective 
lentiviral vectors and packaging vectors were transfected into 
293T cells for viral packaging. Sixty hours after transfection, 
the virus was collected to infect target cells in the presence 
of 8mg/ml polybrene (Sigma-Aldrich). Then, independent 
stable clones were selected and evaluated by western blotting.

Retrovirus-mediated gene expression

FLAG-tagged FOXM1 was cloned into the pMSCV-
IRES-GFP vector. For FOXM1 overexpression, cells 

were infected with viral supernatants from 293T cells 
transfected with FOXM1 or the control MSCV.

Wound-healing assay

For wound-healing assays, cultured cells were 
resuspended and seeded in 6-well plates. A 200 μl pipette 
tip was used to make a scratch across the plate to form an 
artificial wound. Detached cells or cell debris were washed 
away after scratching. After 24, 48 and 72 hours, images of 
the wound areas under each condition were photographed. 
The percentage of wound closure was measured by the 
following formula (1-[current wound size/initial wound 
size])*100%.

Invasion assay

Invasion assays were performed using Transwell 
chambers with 8μm-pore size polycarbonate membrane 
filters. The upper surface of the filter was coated with 
Matrigel (Becton Dickinson, Bedford, MA). The Matrigel 
was dried at 37°C for 2 hours and placed at room 
temperature overnight. The cells were starved overnight, 
resuspended and seeded in the upper chamber at a density 
of 5 × 104 cells/well. After 24 hours of transfection, the 
cells that invaded the lower surface of the filter were fixed 
and stained. Cells were counted in 10 randomly selected 
fields under a light microscope at high magnification. 
Experiments were repeated at least in triplicate.

MTT assays

Cell viability was tested with a Cell Proliferation 
Reagent Kit I (MTT) (Roche Applied Science). The cells 
were grown in 96-well plates. Cell viability was assessed 
every 24h following the manufacturer’s protocol. All 
experiments were performed in quadruplicate.

Western blotting

Proteins were extracted from log-phase cells and 
dissolved in 2X SDS sample buffer. Protein concentrations 
were quantified using a BCA protein assay kit (Pierce, 
Rockford, IL). After electrophoresis, the proteins were 
separated and transferred to nitrocellulose membranes and 
blocked with nonfat milk. The membrane was incubated 
with the appropriate primary antibody (FOXM1 1:1000 
dilution, Cath-D 1:1000 dilution) for 1 hour as previously 
described [12]. The blot was washed three times with PBS, 
incubated with streptavidin-peroxidase for 15 min, and 
developed by the enhanced chemiluminescence method 
(Sigma, St. Louis, MO).

Immunohistochemical analysis

Twenty cases of tissue microarray blocks were 
immunostained for FOXM1 and Cath-D proteins and 
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analyzed. Briefly, immunohistochemistry was conducted 
using a highly sensitive streptavidin-biotin-peroxidase 
detection system with FOXM1 monoclonal antibody 
(1:100 dilutions) and Cath-D antibody (1:100 dilution). 
We quantitatively scored the tissue sections according 
to the percentage of positively stained cells as well as 
staining intensity.

Luciferase reporter assay

Bioinformatics analysis was used to predict 
binding regions for FOXM1 on promoter of Cath-D. 
Three segments of the promoter of Cath-D (Cath-D 
promoter-WT: 5′-TTGTTTTTATTTCATTGTTTTCCA 
ATTCCTTC-3′, Cath-D promoter-2510-mutant: 5′-CGAC 
GCGTATTTCATAAAATAA-3′, Cath-D promoter-2870-
mutant: 5′-GCTGCGCACAA TTCCTTCCTG-3′) were 
cloned into pGL3-basic-Report (Promega, WI, USA) as 
well as human 3′-UTR of the FOXM1 gene. The reporter 
vectors containing the promoters of Cath-D and pGL3-
FOXM1 were transfected into MKN28 cells. After 48 h, 
luciferase activity was measured with a dual-luciferase 
reporter assay system (Promega, WI, USA).

In vivo tumor metastasis assays

Sterile PBS (0.2 ml) containing approximately 
1 × 106 SGC7901 cells were injected into the tail veins of 
male nude mice. The mice were then monitored for overall 
health and body weight. Eight weeks after the injection, 
the mice were sacrificed, and their lungs were isolated. 
After counting the number of visible tumors on the lung 
surface, serial sections of the liver tissues were made and 
observed using imaging microscopy. There were 6 mice 
in each group.

Statistical analyses

Correlation analyses were performed using the two-
sided χ2 test or Fisher's exact test. Two-tailed Student's 
t tests and one way ANOVA were used to analyze 
differences between the protein overexpression and 
knockdown groups from in vitro experiments. A P-value 
<0.05 was considered statistically significant.

CONFLICTS OF INTEREST

The authors declare no conflicts of interest.

REFERENCES

1. Almasi Z, Mohammadian-Hafshejani A, Salehiniya H. 
Incidence, mortality, and epidemiological aspects of cancers 
in Iran; differences with the world data. J BUON. 2016; 
21:994-1004.

2. Spiegel D, Palta M, Uronis H. Role of chemotherapy 
and radiation therapy in the management of gastric 
adenocarcinoma. Surg Clin North Am. 2017; 97:421-435.

3. Lu Y, Jiang B, Liu T. Laparoscopic versus open total 
gastrectomy for advanced proximal gastric carcinoma: a 
matched pair analysis. J BUON. 2016; 21:903-908.

4. Lin J, Yao HJ, Li RY. Bakuchiol inhibits cell proliferation 
and induces apoptosis and cell cycle arrest in SGC-7901 
human gastric cancer cells. J BUON. 2016; 21:889-894.

5. Yu P, Fan Y, Qu X, Zhang J, Song N, Liu J, Liu Y. Cbl-b 
regulates the sensitivity of cetuximab through ubiquitin-
proteasome system in human gastric cancer cells. J BUON. 
2016; 21:867-873.

6. Nasser MI, Masood M, Wei W, Li X, Zhou Y, Liu B, Li 
J, Li X. Cordycepin induces apoptosis in SGC-7901 cells 
through mitochondrial extrinsic phosphorylation of PI3K/
Akt by generating ROS. Int J Oncol. 2017; 50:911-919.

7. Arora R, Yates C, Gary BD, McClellan S, Tan M, Xi Y, Reed 
E, Piazza GA, Owen LB, Dean-Colomb W. Panepoxydone 
targets NF-kB and FOXM1 to inhibit proliferation, induce 
apoptosis and reverse epithelial to mesenchymal transition 
in breast cancer. PLoS One. 2014; 9:e98370.

8. Miao L, Xiong X, Lin Y, Cheng Y, Lu J, Zhang J, Cheng 
N. Down-regulation of FoxM1 leads to the inhibition of the 
epithelial-mesenchymal transition in gastric cancer cells.
Cancer Genet. 2014; 207:75-82.

9. Park YY, Jung SY, Jennings NB, Rodriguez-Aguayo C, 
Peng G, Lee SR, Kim SB, Kim K, Leem SH, Lin SY, 
Lopez-Berestein G, Sood AK, Lee JS. FOXM1 mediates 
Dox resistance in breast cancer by enhancing DNA repair. 
Carcinogenesis. 2012; 33:1843-1853.

10. Song IS, Jeong YJ, Jeong SH, Heo HJ, Kim HK, Bae KB, 
Park YH, Kim SU, Kim JM, Kim N, Ko KS, Rhee BD, Han 
J. FOXM1-induced PRX3 regulates stemness and survival 
of colon cancer cells via maintenance of mitochondrial 
function. Gastroenterology. 2015; 149:1006-1016.e9.

11. Wang H, Huang C. FOXM1 and its oncogenic signaling in 
gastric cancer. Recent Pat Anticancer Drug Discov. 2015; 
10:270-279.

12. Yu J, Wang X, Li Y, Tang B. Tanshinone IIA suppresses 
gastric cancer cell proliferation and migration by 
downregulation of FOXM1. Oncol Rep. 2017; 37:1394-1400.

13. Reedquist KA, Ludikhuize J, Tak PP. Phosphoinositide 
3-kinase signalling and FoxO transcription factors in 
rheumatoid arthritis. Biochem Soc Trans. 2006; 34:727-730.

14. Arden KC. Multiple roles of FOXO transcription factors 
in mammalian cells point to multiple roles in cancer. Exp 
Gerontol. 2006; 41:709-717.

15. Greer EL, Brunet A. FOXO transcription factors at the 
interface between longevity and tumor suppression. 
Oncogene. 2005; 24:7410-7425.

16. Yu S, Yu Y, Sun Y, Wang X, Luo R, Zhao N, Zhang W, Li Q, 
Cui Y, Wang Y, Li W, Liu T. Activation of FOXM1 suggests 



Oncotarget68190www.impactjournals.com/oncotarget

good prognosis of patients with radically resected gastric 
cancer. Int J Clin Exp Pathol. 2015; 8:2963-2970.

17. Bach AS, Derocq D, Laurent-Matha V, Montcourrier 
P, Sebti S, Orsetti B, Theillet C, Gongora C, Pattingre 
S, Ibing E, Roger P, Linares LK, Reinheckel T, et al. 
Nuclear cathepsin D enhances TRPS1 transcriptional 
repressor function to regulate cell cycle progression and 
transformation in human breast cancer cells. Oncotarget. 
2015; 6:28084-28103. doi: 10.18632/oncotarget.4394.

18. Hui RC, Francis RE, Guest SK, Costa JR, Gomes AR, 
Myatt SS, Brosens JJ, Lam EW. Doxorubicin activates 
FOXM1 to induce the expression of multidrug resistance 
gene ABCB1 (MDR1) in K562 leukemic cells. Mol Cancer 
Ther. 2008; 7:670-678.

19. Birkenkamp KU, Essafi A, van der Vos KE, da Costa M, 
Hui RC, Holstege F, Koenderman L, Lam EW, Coffer PJ. 
FOXM1 induces differentiation of Bcr-Abltransformed 
cells through transcriptional down-regulation of Id1. J Biol 
Chem. 2007; 282:2211-2220.

20. Weng SC, Kashida Y, Kulp SK, Wang D, Brueggemeier 
RW, Shapiro CL, Chen CS. Sensitizing estrogen 

receptor-negative breast cancer cells to tamoxifen with 
OSU-03012, a novel celecoxib-derived phosphoinositide-
dependent protein kinase-1/Akt signaling inhibitor. Mol 
Cancer Ther. 2008; 7:800-808.

21. Brix K, Dunkhorst A, Mayer K, Jordans S. Cysteine 
cathepsins: cellular roadmap to different functions.
Biochimie. 2008; 90:194-207.

22. Nakagawa T, Roth W, Wong P, Nelson A, Farr A, Deussing 
J, Villadangos JA, Ploegh H, Peters C, Rudensky AY. 
Cathespin L: critical role in Ii degradation and CD4 T cell 
selection in the thymus. Science. 1998; 280:450-453.

23. Gocheva V, Zeng W, Ke D, Klimstra D, Reinheckel T, 
Peters C, Hanahan D, Joyce JA. Distinct roles for cysteine 
cathepsin genes in multistage tumorigenesis. Genes Dev. 
2006; 20:543-556.

24. Lin Y, Qiu Y, Xu C, Liu Q, Peng B, Kaufmann GF, Chen 
X, Lan B, Wei C, Lu D, Zhang Y, Guo Y, Lu Z, et al. 
Functional role of asparaginyl endopeptidase ubiquitination 
by TRAF6 in tumor invasion and metastasis. J Natl Cancer 
Inst. 2014; 106:dju012.


