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Abstract 

The investigation found that the FOXO gene family is involved in a variety of human 
cancers. This article focuses on the expression of several major cancers in humans. We 
conducted a detailed comparative analysis of the cancer group and the normal group. 
Through Oncomine database and Kaplan-Meier plotter, we observed that the mRNA 
expression levels of FOXO1and FOXO4 were decreased in most cancers compared with 
normal tissues. In survival analyses based on Kaplan-Meier Plotter, FOXO gene family 
except FOXO4 showed significant associations with survival outcome of different 
subtypes of breast cancer. In luminal A, high expression of FOXO1 or FOXO3 revealed 
better OS and RFS, inversely, in her2 enriched, low expression of FOXO6 showed better 
RFS and DMFS. Significant prognostic effects of the whole FOXO family were also found 
in lung adenocarcinoma. Especially, higher expression of FOXO1 or FOXO3 predicted 
better OS and FP, besides, the other members of FOXO gene family are also connected 
with OS. In addition, the expression level of the FOXO gene family is also associated with 
other cancers such as prostate and colorectal cancer. So we concluded some members of 
FOXO family could be prognostic biomarkers for defined cancer types. 

1. INTRODUCTION 

Currently, cancer remains the leading cause of global death and is a major public health 
problem. In 2018, 1,735,350 new cancer cases and 609,640 cancer deaths are projected to occur 
in the United States[2]. Lung cancer, breast cancer, prostate cancer and colorectal cancer are the 
main types of cancer. Although the diagnostic techniques and treatment methods have been 
greatly improved, cancer still restricts the survival quality and development of patients, causing 
serious social and economic burdens for patients and family members. We are now eager to 
explore the underlying mechanisms of cancer development to determine the value of certain 
biomarkers in the diagnosis, treatment, and prognosis of cancer. 

The forehead box (FOX) family of proteins consists of 19 sub-families of transcription factors 
that share a highly conserved DNA-binding domain of approximately 110 amino acids, the 
forehead box domain (also known as the winged-helix domain), it involved in cell growth and 
differentiation as well as embryogenesis and longevity, are DNA-binding proteins regulating 
transcription and DNA repair[3]. Here, we focus on the expression and prognosis of the FOXO 
subfamily in several major cancers. The FOXO subfamily contains the following four members, 
namely FOXO1, FOXO3, FOXO4 together with FOXO6. 

The regulation of cell cycle and evasion of apoptosis play a pivotal role in the development of 
cancer, and changes in FOXO expression and/or activity likely contribute to tumor progression. 
In human colon carcinoma, high nuclear levels of FOXO3 and β-catenin correlate with metastatic 
stage and shorter survival. In the presence of β-catenin, FOXO3 acts as a metastasis inducer 
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rather than a tumor suppressor[4]. FOXO1 was shown to promote autophagy in response to 
oxidative stress, which may contribute to its tumor suppressor activity[5]. FOXO1 is involved in 
prostate cancer cell migration and invasion as a critical negative regulator of Runx2 [6]. In 
particular, we learned that activation of FOXO1 induces apoptosis, cell proliferation arrest, and 
decreased cell viability in cervical cancer cell lines[7]. In conclusion, these studies point to a 
paradoxical role of FOXOs in breast, colorectal, lung and prostate cancers, in which FOXOs are 
capable of inducing cancer cell death, but may also promote cancer progression. 

In summary, the above findings suggest that members of the FOXO family may serve as 
potential therapeutic targets or prognostic biomarkers in certain major cancers. However, 
systematic studies of the transcriptional expression and prognostic value of the FOXO family in 
human cancer are still lacking. In this study, we explored the mRNA expression differences of 
the FOXO subfamily between cancer and normal tissues in human cancers through the 
Oncomine database. In addition, we assessed the prognostic value using a Kaplan-Meier plotter. 

2. MATERIALS AND METHODS 

2.1. Oncomine Database Analysis 

We used Oncomine (http://www.oncomine.org), an online microarray database, to analyze 
the mRNA expression differences of FOXO family between tumor and normal tissues in common 
human cancers. For each cancer and gene, the thresholds were set as follows: p-value<0.05; fold 
change>2; gene rank: 10%; analysis type: cancer vs. normal analysis; data type: mRNA. Cancers, 
genes, datasets, sample sizes, fold change, t-test and p-value were obtained from studies that 
showed statistically differences. 

2.2. Kaplan-Meier Plotter Database Analysis 

The KM Plotter (http://kmplot.com/analysis/), which is capable to assess the effect of 54,675 
genes on survival using 10,461 cancer samples, including 5,143 breast and 2,437 lung cancers, 
was applied to evaluate the prognostic values of FOXO family in these four cancers. For each 
gene, cancer patients were split into high and low expression group by the median values of 
mRNA expression. Then the desired probe ID was separately entered into the database. After 
that, survival analyses were carried out to achieve Kaplan-Meier plots. P-value<0.05 was 
considered to indicate a statistically significant result. Cancer types, genes, affymetrix ID, 
survival outcome, HRs, 95% CIs and p-values were summarized from the KM plotter webpage; 
some representative plots were also displayed. 

3. RESULTS 

To address the mRNA expression differences of FOXO family between tumor and normal 
tissues in multiple cancers, we performed an analysis using the Oncomine database. As shown 
in Fig 1, the database contained a total of 367, 336, 212, 332 and 110 unique analyses for FOXO1, 
FOXO3, FOXO4 and FOXO6, respectively. In 84 studies, the number of studies in the low 
expression group of FOXO1 was significantly higher than that in the high expression group, 74 
of which revealed lower expression levels in tumor than normal tissues, while 8 analyses 
indicated an opposite consequence. In addition, the vast majority of studies indicate that FOXO1 
has a low expression in breast cancer.  The results of 19 studies showed low expression of 
FOXO3 in cancer, while 5 studies showed high expression. 26 studies showed that FOXO4 
showed low expression in most cancers, only two studies showed the opposite the conclusion. 
The number of studies on FOXO6 was small, but the number of high expression studies was 
higher than that of low expression. Altogether, the transcriptional expression levels of FOXO1, 
FOXO3 and FOXO4 were significantly reduced in most cancers compared with normal tissues. 
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The latest data from the American Cancer Society (ACS) show that there are totally 609,640 
cancer deaths are expected to occur in the United States in 2018. For men, the three most 
commonly lethal cancers are lung & bronchus, prostate and colon & rectum, which are expected 
to account for 43% of all new cancer deaths in men. Lung & bronchus, Breast and colon & 
rectum cancers are the top three deadly cancers in women, which collectively represent 47% of 
all cases. Therefore, we focus on the expression and prognosis of FOXO family in these four 
tumors, as well as some other common solid tumors [2]. 

 

Table 1. The mRNA expression levels of FOXO family in human cancers 

Analysis Type by Cancer Cancer Cases 

Cancer 

vs. 

Normal 

FOXO1 

Cancer 

vs. 

Normal 

FOXO3 

Cancer 

vs. 

Normal 

FOXO4 

Cancer 

vs. 

Normal 

FOXO6 

Bladder Cancer 483         

Brain and CNS Cancer 1,174 1     7   

Breast Cancer 3,247 1 25  2 1 3   

Cervical Cancer 133         

Colorectal Cancer 834  7  1  5 3  

Esophageal Cancer 223 1   1     

Gastric Cancer 298         

Head and Neck Cancer 474      3   

Kidney Cancer 282 2  1   1 1  

Leukemia 4,159 5 6  3     

Liver Cancer 519  3       

Lung Cancer 892  5  2   2  

Lymphoma 906  13 4 8    1 

Melanoma 176  2 1 1     

Myeloma 295         

Other Cancer 451  1   1 1 1  

Ovarian Cancer 998  5       

Pancreatic Cancer 209    1  2  1 

Prostate Cancer 839   3   2   

Sarcoma 221 1 7 1   2   

Significant Unique Analyses 10 74 5 19 2 26 7 2 

Total Unique Analyses 367 336 332 110 

 

 

Fig 1. The mRNA expression levels of FOXO family in human cancers. The number in the 
colored cell represents the number of analyses meeting thresholds. Cell color is determined by 
the gene rank. The more intense red (over-expression) or blue (under-expression) indicates a 

more highly significant over-expressed or under-expressed gene. 

3.1. The Expression Level and Prognostic Value in Breast Cancer 

We utilized Oncomine to explore the expression of FOXO family in ductal and invasive breast 
carcinoma. A total of 30 datasets were involved in the analysis. FOXO1 had the most datasets, 
22 analyses revealed significant difference between cancer and normal groups, we found that 
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FOXO1 showed lower expression in Ductal Breast Carcinoma, Invasive Ductal Breast Carcinoma 
and so on. With respect to FOXO3, the datasets including Radvanyi and Turashvili also indicated 
lower expression in cancer groups than that in normal groups. When it comes to FOXO4, in 
Finak’s dataset, we found that FOXO4 was more highly expressed in Invasive Breast Carcinoma, 
while we obtained an opposite conclusion from TCGA’s as well as Turashvili’s datasets. For 
FOXO6, there were no significant differences between cancer and normal tissues. All of the 
statistically significant results were summarized in Table 1. 

Breast cancer can be divided into basal-like, luminal A, luminal B and HER2 enriched based 
on molecular characteristics. The key to treatment depends on the discovery of these 
molecules[8]. Therefore, we used the KM plotter to analyze the prognosis of breast cancer based 
on these four intrinsic subtypes[9]. Unfortunately, FOXO4 is not statistically significant. 
Through the KM plotter, we found that in luminal A, higher expression of FOXO1 and FOXO3 
heralded better OS and RFS[10, 11]. In luminal B, the lower expression of FOXO6 suggests a 
better OS. Similarly, in her2 enriched, lower expression of FOXO6 also showed better RFS and 
DMFS[12]. 

 

Table 2. Datasets of FOXO family in breast cancer 

Gene Dataset Normal(Cases) Tumor(Cases) Fold change t-Test p-value 

FOXO1 

Sorlie 2 Breast (4) Ductal Breast Carcinoma (84) -4.357 -9.333 3.88E-04 

Curtis 

Breast (144) Invasive Lobular Breast Carcinoma (148) -2.480 -22.406 1.61E-65 

Breast (144) 
Invasive Ductal and Invasive Lobular 

Breast Carcinoma (90) 
-2.754 -20.688 2.09E-49 

Breast (144) Tubular Breast Carcinoma (67) -2.661 -19.943 1.69E-42 

Breast (144) Invasive Ductal Breast Carcinoma (1,556) -2.966 -35.984 7.46E-83 

Breast (144) Mucinous Breast Carcinoma (46) -3.584 -18.806 1.76E-28 

Breast (144) Invasive Breast Carcinoma (21) -3.024 -9.779 6.24E-10 

Breast (144) Breast Carcinoma (14) -2.830 -10.068 1.94E-8 

Breast (144) Medullary Breast Carcinoma (32) -2.491 -12.382 4.80E-16 

Breast (144) Ductal Breast Carcinoma in Situ (10) -2.981 -6.972 2.32E-5 

Sorlie Breast (4) Ductal Breast Carcinoma (65) -2.199 -5.100 0.004 

TCGA 

Breast (61) Mucinous Breast Carcinoma (4) -4.691 -21.434 1.95E-11 

Breast (61) Invasive Breast Carcinoma (76) -2.737 -13.635 2.29E-27 

Breast (61) Invasive Ductal Breast Carcinoma (389) -3.608 -22.463 3.70E-38 

Breast (61) Invasive Lobular Breast Carcinoma (36) -2.254 -7.969 2.87E-11 

Breast (61) 
Mixed Lobular and Ductal Breast 

Carcinoma (7) 
-3.514 -6.916 1.06E-4 

Richardso
n 2 

Breast (7) Ductal Breast Carcinoma (40) -3.059 -7.721 8.24E-8 

Ma 4 Breast (14) Ductal Breast Carcinoma in Situ (9) -2.312 -4.070 3.58E-4 

Gluck Breast (4) Invasive Breast Carcinoma (154) -3.097 -10.740 1.97E-4 

Zhao 
Breast (3) Lobular Breast Carcinoma (21) -2.054 -4.078 0.003 

Breast (3) Invasive Ductal Breast Carcinoma (37) -2.799 -6.870 0.002 

Perou Breast (3) Ductal Breast Carcinoma (36) -2.262 -4.139 0.017 

FOXO3 Radvanyi 
Breast (6) Invasive Lobular Breast Carcinoma (6) -4.530 -3.041 0.010 

Breast (6) Invasive Ductal Breast Carcinoma (25) -2.589 -3.595 0.002 

FOXO4 

Finak Breast (6) Invasive Breast Carcinoma (53) 2.032 9.242 5.95E-13 

TCGA Breast (61) Invasive Ductal Breast Carcinoma (389) -2.212 -21.546 3.52E-44 

Turashvili 

Ductal Breast Cell 
(10) 

Invasive Lobular Breast Carcinoma (5) -2.313 -2.548 0.017 
Lobular Breast 

Cell (10) 
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Fig 1. Survival analyses of FOXO family in breast cancer. OS, overall survival; RFS, relapse free 
survival; DMFS, distant metastasis free survival; PPS, post progression survival. (a-b): 

prognosis analysis of FOXO1 in luminal A patients. (c-d): prognosis analysis of FOXO3 in 
luminal A patients. (e): prognosis analyses of FOXO6 in luminal B patients. (f-g): prognosis 

analyses of FOXO6 in HER2+ patients. 

3.2. The Expression Level and Prognostic Value in Lung Cancer 

Equally, using the Oncomine database we analyzed the transcriptional expression of FOXO 
family in lung adenocarcinoma, small & large cell lung carcinoma, which account for the 
majority of lung cancer. Both FOXO1 and FOXO3 were lower in Small Cell Lung Carcinoma as 
well as none small Cell Lung Carcinoma (including lung Adenocarcinoma and large Cell Lung 
Carcinoma). However, FOXO6 was higher in none small Cell Lung Carcinoma (including lung 
Adenocarcinoma and large Cell Lung Carcinoma) in Okayama’s and Hou’s study. None of the 
datasets revealed statistically differences between lung cancer and normal tissue groups for 
FOXO4. The details were shown in Table 2. 

The common types of lung cancer are squamous cell carcinoma and adenocarcinoma. Next, 
we proceeded to determine whether FOXO family is associated with the prognosis of lung 
cancer patients via KM Plotter[13]. For patients with lung cancer, no gene was associated with 
PPS. We found that in lung adenocarcinoma, higher expression of FOXO1 and FOXO3 predicted 
better OS and FP[14, 15], and similarly, higher expression of FOXO6 also showed better OS[16].  
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Table 3. Datasets of FOXO family in lung cancer 

Gene Dataset Normal(Cases) Tumor (Cases) 
Fold 

change 
T-test p-value 

FOXO1 

Bhattacharjee 

Lung (17) 
Small Cell Lung Carcinoma 

(6) 
-8.828 -6.393 1.63E-6 

Lung (17) Lung Adenocarcinoma (132) -4.497 -5.249 2.45E-5 

Lung (17) Lung Carcinoid Tumor (20) -8.886 -7.283 1.44E-7 

Hou Lung (65) 
Large Cell Lung Carcinoma 

(19) 
-2.121 -7.832 

6.30E-
10 

FOXO3 Bhattacharjee 

Lung (17) Lung Adenocarcinoma (132) -3.515 -4.233 2.53E-4 

Lung (17) 
Small Cell Lung Carcinoma 

(6) 
-5.382 -4.622 9.14E-5 

FOXO6 

Okayama Lung (20) Lung Adenocarcinoma (226) 2.316 8.775 
4.44E-
11 

Hou Lung (65) 
Large Cell Lung Carcinoma 

(19) 
2.770 5.743 8.61E-6 

 

 

Fig 2. Survival analyses of FOXO family in lung cancer. OS, overall survival; FP, first 
progression. Survival analyses of FOXO1 (a-b), FOXO3(c-d), FOXO6 (e) in adenocarcinoma 

patients. 

3.3. The Expression and Prognostic Value in Colorectal Cancer 

We collected the statistically significant data sets for colorectal cancer in table 4. It was 
demonstrated that FOXO1, FOXO3 and FOXO4 in all data sets showed lower expression in cancer 
compared with normal tissues. Among them, data from TCGA, Ki Colon, and Gaedcke showed 
that lower expression of FOXO1 was highly correlated with the occurrence of various types of 
colorectal adenocarcinoma and mucinous adenocarcinoma. For FOXO4, the database from 
TCGA showed similar results. In addition, low expression of FOXO3 is only associated with colon 
adenocarcinoma. On the contrary, it was shown that FOXO6 was increased in rectal 
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adenocarcinoma, rectosigmoid adenocarcinoma and colon mucinous adenocarcinoma from 
Kaiser’s study.  

 

Table 4. Datasets of FOXO family in colorectal cancer 

Gene Dataset Normal (Cases) Tumor (Cases) 
Fold 

change 
t-Test p-value 

FOXO1 

Ki Colon 
Colon (28) and Liver 

(13) 
Colon Adenocarcinoma (50) -2.218 -7.934 

6.50E-
12 

TCGA 

Colon (19) and 
Rectum (3) 

Colon Adenocarcinoma (101) -2.373 
-

16.070 
1.30E-
25 

Colon (19) and 
Rectum (3) 

Cecum Adenocarcinoma (22) -3.122 
-

12.890 
4.72E-
14 

Colon (19) and 
Rectum (3) 

Rectal Adenocarcinoma (60) -2.461 
-

12.867 
1.91E-
21 

Colon (19) and 
Rectum (3) 

Colon Mucinous 
Adenocarcinoma (22) 

-2.524 -8.058 7.69E-9 

Colon (19) and 
Rectum (3) 

Rectal Mucinous 
Adenocarcinoma (6) 

-3.079 -8.292 9.37E-5 

Gaedcke Rectum (65) Rectal Adenocarcinoma (65) -2.288 
-

11.972 
1.24E-
21 

FOXO3 TCGA 
Colon (19) and 
Rectum (3) 

Colon Adenocarcinoma (101) -2.042 -9.217 
1.09E-
14 

FOXO4 TCGA 

Colon (19) and 
Rectum (3) 

Colon Mucinous 
Adenocarcinoma (22) 

-2.914 
-

12.046 
4.38E-
15 

Colon (19) and 
Rectum (3) 

Cecum Adenocarcinoma (22) -2.606 
-

11.477 
1.12E-
14 

Colon (19) and 
Rectum (3) 

Rectal Mucinous 
Adenocarcinoma (6) 

-2.413 -6.491 3.63E-7 

Colon (19) and 
Rectum (3) 

Colon Adenocarcinoma (101) -2.762 
-

15.423 
1.18E-
19 

Colon (19) and 
Rectum (3) 

Rectal Adenocarcinoma (60) -2.390 
-

11.564 
3.22E-
17 

FOXO6 Kaiser 

Colon (5) Rectal Adenocarcinoma (8) 2.302 6.945 1.22E-5 

Colon (5) 
Rectosigmoid 

Adenocarcinoma (10) 
2.185 8.068 6.59E-6 

Colon (5) 
Colon Mucinous 

Adenocarcinoma (13) 
2.208 7.903 3.53E-6 

4. DISCUSSION 

In this study, we systematically analyzed the mRNA expression level of FOXO family in various 
types of cancers using the Oncomine database. We focused on the most common types of 
cancers, including breast, lung, prostate and colorectal cancer, and their most frequent subtypes. 
In addition, we explored the prognostic values of this family in cancer patients via the Kaplan 
Meier Plotter. Many datasets indicate that FOXO1 is under-expressed in all types of breast cancer, 
while FOXO3 is under-expressed in invasive breast carcinoma. In luminal A, patients with high 
expression of FOXO1 and FOXO3 predict better OS and RFS, We also found that in lung 
adenocarcinoma, higher expression of FOXO1 and FOXO3 predicted better OS and FP, suggesting 
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that up-regulation of FOXO1 and FOXO3 expression levels in breast and lung adenocarcinoma 
cells may serve as potential therapeutic targets. 

Here, in our study we have showed that FOXO1 mRNA is down-regulated>2-fold in breast 
tumor samples compared with normal breast tissue. Many studies have also demonstrated that 
FOXO1 expression is down-regulated in breast, lung and colorectal cancer, Therefore we infer 
that the down-regulation of this gene is an important step in tumor formation. A previous study 
showed that the over-expression of FOXO1 in MCF-7 cells resulted in decreased cell number and 
colony formation[17]. We also got that FOXO1 expression is regulated by multiple microRNAs 
(miR-27a, miR-96, and miR-182) that have previously been implicated in oncogenes. These 
microRNAs directly target various regions of the 3-UTR to repress endogenous expression of 
FOXO1[18]. These findings indicate that antisense targeting of miR-27a, miR-96, and miR-182 
along with monitoring of microRNA and FOXO1 levels may be of therapeutic and/or prognostic 
value in breast cancer. 

FOXO3 appears to be a key isoform in mediating hormone-independent breast cancer growth. 
FOXO3 over-expression significantly inhibits the growth of breast tumors in vitro and in animal 
models[19]. Besides, miR-96 likely promotes breast cancer proliferation by directly targeting 
the 3’ untranslated region (3’-UTR) of the FOXO3 mRNA, consequently reducing the expression 
of cyclin-dependent kinase (CDK) inhibitors[20]. The FOXO3 expression is significantly reduced 
in colorectal cancer (CRC) specimens compared with normal tissue, and progressive FOXO3 
down-regulation is associated with advancing pathological stage. Several studies have 
demonstrated that active FOXO3 induces apoptosis in colon cancer cells[21, 22]. Furthermore, 
suppression of FOXO3 by activated AKT is an important mechanism by which the EGFR 
signaling pathway, stimulates proliferation in normal and transformed colonic epithelium[23]. 
It has been reported that the FOXO3 gene is frequently deleted in early-stage lung 
adenocarcinoma[24], which indicates that FOXO3 is a suppressor of lung adenocarcinoma 
carcinogenesis[25, 26]. In addition, FOXO3 is a relevant mediator of the cytotoxic effects of 
cisplatin in lung cancer cells[27].  

As a key factor of cell proliferation and apoptosis, FOXO4 is involved in the development of 
many kinds of tumors. Studies have shown that enhanced FOXO4 activity can shrink tumors 
formed by HER-2 over-expressing breast cancer cells[28]. Our study also revealed that FOXO4 
under-expressed in invasive ductal breast carcinoma. In another study, samples of breast cancer 
tissue and precancerous breast tissue were used to confirm FOXO4 low-expressed in breast 
cancer, indicating that FOXO4 plays a certain inhibitory role in breast cancer. It has been found 
that the abnormal expression of FOXO4 in gastric cancer cells may be related to the 
development of gastric cancer[29]. As for lung cancers, there were few datasets for FOXO4 in 
our analyses, but other studies revealed immunize activity of FOXO4 was low in NSCLC when 
compared with paired normal lung tissues. There were significant correlations between FOXO4 
and TNM stage (P<0.001), histological differentiation (P=0.004). FOXO4 might inhibit the 
process of epithelial-mesenchymal transition (EMT) in NSCLC, and might therefore be a target 
for therapy[30]. 

In our study, higher expression of FOXO6 appeared in colorectal tumor. Previous study also 
showed that FOXO6 was over-expressed in CRC tissues and cell lines. FOXO6 knockdown 
inhibited cell proliferation, as well as repressed the migration and invasion of CRC cells. 
Furthermore, FOXO6 knockdown inhibited the activation of PI3K/Akt/mTOR pathway in CRC 
cells[31]. For prostate cancer and lung cancer, FOXO6 is lowly expressed and highly expressed 
respectively, but we have not found more relevant research data. It was reported that FOXO6 is 
highly expressed in gastric cancer tissues[32, 33]. The expression level of FOXO6 is closely 
related with depth of invasion, lymph node metastasis, and stage of gastric cancer[33]. 
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In summary, we comprehensively analyzed the mRNA expression levels and prognostic 
values of FOXO family in four common cancers. Several members including FOXO1 and FOXO3 
exhibited significant expression differences between cancer and normal tissue groups. 
Furthermore, we put forward FOXO1 and FOXO3 could act as a prognostic biomarker for the 
subtype of luminal A, as well as for lung adenocarcinoma. 

5. CONFLICTS OF INTEREST 

All of the authors declare that they have no conflicts of interest. 

ACKNOWLEDGMENTS 

We would like to thank all of the institutions and supporters that contributed to our study. 

REFERENCES 

[1] Siegel, R.L., K.D. Miller, and A.J.C.A.C.J.f.C. Jemal, Cancer statistics, 2018. 2018. 60(5): p. 277-300. 

[2] Katoh, M., et al., Cancer genetics and genomics of human FOX family genes. 2013. 328(2): p. 198-

206. 

[3] Brachène, A.C.D., J.B.J.C. Demoulin, and M.L.S. Cmls, FOXO transcription factors in cancer 

development and therapy. 2015. 73(6): p. 1159-1172. 

[4] Zhao, Y., et al., Cytosolic FoxO1 is essential for the induction of autophagy and tumour suppressor 

activity. 2010. 12(7): p. 665-75. 

[5] Ping, L., et al., A transcription-independent function of FOXO1 in inhibition of androgen-

independent activation of the androgen receptor in prostate cancer cells. 2008. 68(24): p. 10290. 

[6] Shyam Babu, P., et al., Down Regulation of FOXO1 Promotes Cell Proliferation in Cervical Cancer. 

2014. 5(8): p. 655. 

[7] Perou, C.M., et al., Molecular portraits of human breast tumours. 2000. 

[8] Balazs, G.R., et al., An online survival analysis tool to rapidly assess the effect of 22,277 genes on 

breast cancer prognosis using microarray data of 1,809 patients. 2010. 123(3): p. 725-731. 

[9] Li, J., et al., Astrocyte elevated gene-1 is a proliferation promoter in breast cancer via suppressing 

transcriptional factor FOXO1. 2009. 28(36): p. 3188-3196. 

[10] Kong, W., et al., MicroRNA-155 regulates cell survival, growth, and chemosensitivity by targeting 

FOXO3a in breast cancer. 2010. 285(23): p. 17869-17879. 

[11] Lallemand, F., et al., Involvement of the FOXO6 transcriptional factor in breast carcinogenesis. 2018. 

9(7): p. 7464-7475. 

[12] GyåRffy, B., et al., Online survival analysis software to assess the prognostic value of biomarkers 

using transcriptomic data in non-small-cell lung cancer. 2013. 8(12): p. e82241. 

[13] Maekawa, T., et al., Expression and localization of FOXO1 in non-small cell lung cancer. 2009. 22(1): 

p. 57. 

[14] Hong-Bin, L., et al., Expression and Prognostic Implications of FOXO3a and Ki67 in Lung 

Adenocarcinomas. 2015. 16(4): p. 1443-1448. 

[15] Hu, H.J., et al., FoxO6 inhibits cell proliferation in lung carcinoma through up-regulation of USP7. 

2015. 12(1). 

[16] Zhao, H.H., et al., Forkhead homologue in rhabdomyosarcoma functions as a bifunctional nuclear 

receptor-interacting protein with both coactivator and corepressor functions. 2001. 276(30): p. 

27907-12. 



World Scientific Research Journal                                                      Volume 6 Issue 1, 2020 

ISSN: 2472-3703                                                       DOI: 10.6911/WSRJ.202001_6(1).0015 

112 

[17] Guttilla, I.K. and B.A. White, %J Journal of Biological Chemistry, Coordinate regulation of FOXO1 by 

miR-27a, miR-96, and miR-182 in breast cancer cells. 2009. 284(35): p. 23204-23216. 

[18] Bullock, M.J.E.-r.c., FOXO factors and breast cancer: outfoxing endocrine resistance. 2015. 23(2): p. 

R113. 

[19] Huanxin, L., et al., Unregulated miR-96 induces cell proliferation in human breast cancer by 

downregulating transcriptional factor FOXO3a. 2010. 5(12): p. e15797. 

[20] Prabhu, V.V., et al., Small-Molecule ONC201/TIC10 Targets Chemotherapy-Resistant Colorectal 

Cancer Stem-like Cells in an Akt/Foxo3a/TRAIL-Dependent Manner. 2015. 75(7): p. 1423. 

[21] Tenbaum, S.P., et al., β-catenin confers resistance to PI3K and AKT inhibitors and subverts FOXO3a 

to promote metastasis in colon cancer. 2012. 48(6): p. S162-S162. 

[22] Qi, W., et al., Tumor suppressor FOXO3 mediates signals from the EGF receptor to regulate 

proliferation of colonic cells. 2011. 300(2): p. 264-72. 

[23] Mikse, O.R., et al., FOXO3 encodes a carcinogen-activated transcription factor frequently deleted in 

early-stage lung adenocarcinoma. 2010. 70(15): p. 6205-15. 

[24] Jr, B.D., et al., FOXO3a elicits a pro-apoptotic transcription program and cellular response to human 

lung carcinogen nicotine-derived nitrosaminoketone (NNK). 2010. 67(1): p. 37-47. 

[25] Herzog, C.R., et al., FoxO3a gene is a target of deletion in mouse lung adenocarcinoma. 2009. 22(4): 

p. 837. 

[26] Liu, H., et al., FOXO3a mediates the cytotoxic effects of cisplatin in lung cancer cells. 2014. 25(8): p. 

898-907. 

[27] Yang, H., R.H. Zhao, and M.H.J.O. Lee, Constitutively active FOXO4 inhibits Akt activity, regulates p27 

Kip1 stability, and suppresses HER2-mediated tumorigenicity. 2005. 24(11): p. 1924-1935. 

[28] Su, L., et al., The transcription factor FOXO4 is down-regulated and inhibits tumor proliferation and 

metastasis in gastric cancer. 2014. 14(1): p. 378. 

[29] Ming-Ming, X., et al., Low expression of the FoxO4 gene may contribute to the phenomenon of EMT 

in non-small cell lung cancer. 2014. 15(9): p. 4013-8. 

[30] Li, Q., et al., Silencing of FOXO6 inhibits the proliferation, invasion, and glycolysis in colorectal 

cancer cells. 

[31] Li, Q., et al., FOXO6 promotes gastric cancer cell tumorigenicity via upregulation of C-myc. 2013. 

587(14): p. 2105-2111. 

[32] Wang, J.H., et al., Elevated FOXO6 expression correlates with progression and prognosis in gastric 

cancer. 2017. 8(19): p. 31682-31691. 

 

 


