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Abstract. the role of forkhead box O3 (FOXO3) as a tumor 
suppressor gene and its association with the human lifespan 
is well documented. However, several studies have indi-
cated that high expression of FOXO3 is also significantly 
associated with tumorigenesis. the aim of the present study 
was to determine the clinical significance of FOXO3 in the 
development and prognosis of hepatocellular carcinoma 
(Hcc). mrnA expression data of FOXO3 from the cancer 
genome Atlas database was analyzed through the UAlcAn 
online tool to compare the expression of FOXO3 between 
Hcc and normal liver tissues. subsequently, the expression of 
FOXO3 at the protein level was investigated via immunohis-
tochemical staining of 314 Hcc and 150 non-cancerous liver 
tissue samples. the association between protein expression 
and clinicopathological parameters was analyzed using the 
χ2 test, and the effect of FOXO3 expression on survival was 
assessed via Kaplan-Meier analysis. the expression of FOXO3 
mRNA was significantly higher in HCC in comparison with 
healthy tissues. High FOXO3 protein expression was revealed 
in 43/150 non-cancerous liver tissues, and in 238/314 Hcc 

samples. A significant association was demonstrated between 
FOXO3 expression and metastasis, tumor-node-Metastasis 
stage, edmondson grade, α-fetoprotein level and overall 
survival. In conclusion, the high expression of FOXO3 predicts 
a poor prognosis in patients with Hcc, indicating this protein 
as a potential therapeutic target in Hcc.

Introduction

Hepatocellular carcinoma (Hcc) is the most common primary 
malignant tumor affecting the digestive system. According to 
literature reports, the 2018 global cancer statistics show that 
the incidence of liver cancer ranks sixth among malignant 
tumors and the mortality rate ranks fourth globally (1). the 
global incidence of Hcc has increased in the last 2 decades, 
with the primary risk factor being hepatitis c infection in 
europe, north America and Japan, and hepatitis B virus in 
Asia and Africa (2,3). non-viral risk factors for Hcc include 
alcoholic cirrhosis, non-alcoholic steatohepatitis and heredi-
tary hemochromatosis, but the specific pathogenesis is yet to be 
elucidated (4,5). the majority of patients with Hcc are diag-
nosed at an advanced stage of the disease, and the most common 
treatments include liver transplantation, surgical resection, 
radio- and chemotherapy, and biological immunotherapy (6,7). 
However, current treatments are relatively ineffective, as 
reflected by the high recurrence rate and low 5‑year survival 
rate of patients with HCC in China. Therefore, the identifica-
tion of specific biomarkers and molecular mechanisms that 
influence the pathogenesis of Hcc is critical to facilitate 
the early diagnosis of this disease. Potential biomarkers may 
include endogenous tumor factors, which regulate tumor cell 
proliferation, progression and invasiveness (8). Investigating 
these may result in a better understanding of the mechanisms 
underlying tumor progression and metastasis, and identify 
tumor markers specific to HCC.

the forkhead box (FOXO) family represents a group 
of transcription factors, which serve a critical function in 
higher organisms by regulating the antioxidant response, 
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gluconeogenesis, apoptosis and autophagy (9). the FOXO 
family comprises four proteins: FOXO1, FOXO3, FOXO4 and 
FOXO6. several studies have documented that FOXO proteins 
are crucial regulators in the progression of liver disease and 
influence the prognosis (10-12). In a healthy liver, FOXO 
regulates glucose and lipid metabolism, autophagy and the 
adaptation to starvation (11). The influence of FOXO expression 
on liver lipid metabolism has been demonstrated via simulta-
neous knockouts of the FOXO1 and FOXO3 proteins, which 
resulted in enhanced lipid secretion in the liver, an increase in 
serum triglyceride levels and increase the incidence of hepatic 
steatosis (12). Similarly, a liver‑specific knockout of various 
combinations of FoxO1, FoxO3 and FoxO4 in mice, through 
downregulated expression of the nicotinamide phosphoribosyl 
transferase gene resulted in lipid accumulation in the liver (13), 
further indicating the role of FOXO in the regulation of lipid 
metabolism, with dysfunctional protein resulting in liver 
steatosis. However, despite mounting evidence that FOXO3 
serves an important role in the pathogenesis of liver disease, 
the function of this protein as a tumor suppressor in Hcc, is 
yet the be elucidated.

the FOXO3 gene, first identified in human placental 
cosmid, is located on chromosome 6q21 (14). Its protein 
product localizes within the nucleus and, upon activation, binds 
DnA, regulating the expression of genes such as FKHrP1and 
FKHrl1 that modulate metabolic state, cell cycle and apop-
tosis (15-17). FOXO3, also known as FOXO3a, is a member of 
the forkhead transcription factor family and serves an essen-
tial function in tumor progression. It has been revealed that 
FOXO3 is involved in neoplastic cell transformation, tumor 
progression and angiogenesis; these processes are mediated 
by specific activation of a coordinated transcriptional program 
and serve a vital role in the regulation of a variety of cellular 
processes, which may be associated with abnormal regulation 
of the PI3K/Akt pathway (18-20). the change in the expres-
sion of FOXO results in increased cell proliferation and DnA 
damage, promoting tumorigenesis. the change in the expres-
sion of FOXO is associated with abnormal post-translational 
regulation. notably, a similar effect can result from the 
increased expression of FOXO3 (21). recently, FOXO3 has 
been demonstrated to be associated with increased lymph 
node metastasis in esophageal squamous cell carcinoma 
(escc). this association is apparent in advanced clinical 
stages, in which FOXO3 upregulation inhibits the ability of 
micrornA-10b-3p to promote tumor invasion and metas-
tasis (22), indicating that FOXO3 inhibits escc tumor growth 
and metastasis. Moreover, in colon cancer cell lines, increased 
expression and activation of epidermal growth factor receptor 
(egFr) enhanced phosphorylation of FOXO3, promoting 
cancer cell proliferation (23). together, the aforementioned 
results indicate that FOXO3 inhibits tumor growth. However, 
results to the contrary have also been reported. Overexpression 
of FOXO3 is associated with poor prognosis in patients with 
triple-negative breast cancer (24), glioblastoma (25) and gastric 
cancer (26), and low expression of FOXO3 was discovered in 
glioma and ovarian cancer cells (27,28). these contrasting 
results suggest that FOXO3 serves different roles in different 
types of tumors.

To investigate the role of FOXO3 in HCC, its influence on 
the genesis and progression of this type of tumor, as well as its 

association with clinical features and patient prognosis, was 
examined. to this purpose, the expression of FOXO3 in 314 
Hcc and 150 non-cancerous liver tissues was examined using 
immunohistochemistry (IHc). Additionally, a meta-analysis 
using the cancer genome Atlas (tcgA) database was 
performed to evaluate the association of FOXO3 expression 
with clinicopathological parameters. the present study may 
allow further insight into the biological function of FOXO3 in 
different types of cancers.

Materials and methods

UAlcAn analysis of FOXO3 gene expression were conducted 
in Hcc, including 371 cases of Hcc and 50 cases of normal 
liver tissue. UAlcAn was utilized to compare the differ-
ence in expression of FOXO3 between Hcc and normal liver 
tissues, using datasets retrieved from tcgA database. All 
UAlcAn data is publicly available from http://ualcan.path.
uab.edu. this site facilitates analysis of the relative expression 
of query genes between tumor and normal tissues, and also 
between various subgroups, including tumor grade, individual 
cancer stage and other clinicopathological features.

Preliminary study on genes interacting with FOXO3. this 
database can be easily retrieved through the search function 
provided by the official website. search by protein name, 
sequence, etc. the search tool for retrieval of Interacting 
genes and Proteins database (strIng-DB; www.biocon-
ductor.org) was used to construct a protein-protein interaction 
(PPI) network in order to analyze the role of the FOXO3 gene 
in regulating the expression.

Patients and tissue samples. All human tissues and 
clinicopathological parameters were collected via surgical 
resection of 300 patients with Hcc between April 2010 and 
september 2016 at Zhejiang Provincial People's Hospital 
(Hangzhou, china). the present study was approved by the 
ethics committee of Zhejiang Provincial People's Hospital 
and written informed consent was provided by all patients. All 
tissues were used for the preparation of a tissue microarray 
(tMA), which was constructed by shanghai Biochip co., ltd. 
The TMAs included 314 cases of paraffin‑embedded HCC 
tissues and 150 samples of non-cancerous liver tissue from 
healthy controls. the survival time was calculated from the 
date of surgery to the time of the follow-up deadline (death if 
patient) or the date at which patients succumbed to the disease, 
followed up by telephone once every three months.

Clinicopathological parameters. All patients' clinicopatholog-
ical parameters were collected via surgical resection including 
α-fetoprotein (AFP), tumor-node-Metastasis (tnM) and 
edmondson grade. the tnM tumor staging method was 
established by Pierr Denoix in 1943, the Japanese liver 
Cancer Research Association first used to assess the prognosis 
of liver cancer (29). In 1988, the American cancer Association 
(AJcc) and the International Union Against cancer (UIcc) 
began to use tnM staging. tumor status (t), lymph node 
invasion (n), and presence or absence of distant metastases 
(M) to stage tumors (30). The Edmondson‑Steiner classifica-
tion (31) divides liver cancer into four types according to the 
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degree of cancer cell differentiation. type 1 cancer tissues 
are arranged in thin beams (trabecular cord type), with high 
degree of differentiation and long natural doubling time. 
type 2 cancer cells have large nuclei, are densely stained, have 
a rich cytoplasm, are eosinophilic, and are often arranged in a 
glandular or acinar shape. type 3 cancer cells have enlarged 
and densely stained nuclei, which are heavier than type 2 cells, 
and more tumor giant cells are found, which are poorly differ-
entiated. type 4 nucleus is strongly concentrated and occupies 
most of the cells, the cytoplasm is often lacking. It grows like 
a myeloid and is rarely beam-like. this type has the lowest 
differentiation (32).

IHC staining. IHc staining was performed using standard 
methodology. Briefly, 5‑µm thick sections were excised from 
the TMAs and incubated at 70˚C for 2 h. Subsequently, the 
sections were deparaffinized, rehydrated using a gradient 
of ethanol concentrations (95, 90 and 80%), microwaved in 
10 mM citrate buffer for 15 min for antigen retrieval, blocked 
with 3% hydrogen peroxide for 10 min to inhibit endogenous 
peroxidase activity, and incubated with 10% non-immune 
goat serum (Origene technologies, Inc.) for 20 min to reduce 
non-specific background staining; these reactions were 
performed at room temperature. sections were then incubated 
with the mouse anti-FOXO3 polyclonal antibody (1:800 dilu-
tion; cat. no. ab23683; Abcam) at 4˚C overnight, followed 
by incubation with biotin-labeled secondary antibody (goat 
anti-Mouse Igg HrP; cat. no. 32230; Invitrogen; thermo 
Fisher Scientific, Inc.) at room temperature for 20 min, and 
horseradish peroxidase-conjugated streptavidin (Invitrogen; 
thermo Fisher scientific, Inc.) at room temperature for 
20 min. the color was developed using a 3,3'-diaminobenzi-
dine substrate kit (Dako; Agilent technologies, Inc.). Finally, 
the sections were counterstained with haematoxylin for 5 min 
and dehydrated for 45 min at room temperature, and mounted. 
Images were captured using a light microscope at magnifica-
tions, x40 and x400.

the IHc staining of FOXO3 was randomly assigned to be 
scored independently by two pathologists, who were blinded 
to the study, based on the intensity and the proportion of posi-
tively stained cells. staining intensity was evaluated using a 
four-tiered grading system: 0, negative; 1, weak; 2, moderate; 
and 3, strong. the percentage of positive cells stained were 
scored as follows: 0, no staining; 1, 1≤1<25%; 2, 25%≤2<50%; 
3, 50%≤3<75%; and 4, ≥75% of cells stained. To obtain 

the final score, the intensity scores were multiplied by the 
percentage scores. Tumor samples with a score of ≤2 were 
termed low‑FOXO3 expression, while a score of ≥3 defined 
tumors with high FOXO3 expression.

Statistical analysis. statistical analysis was performed using 
the statistical Program for social sciences software v13.0 
(sPss, Inc.). the χ2 test was used to assess the statistical 
significance of associations between FOXO3 protein expres-
sion and various clinicopathological parameters. survival 
curves were evaluated using the Kaplan-Meier method, 
and the log-rank test was used to determine the statistical 
significance of the differences between the curves. P<0.05 
was considered to indicate a statistically significant difference. 
For groups comprising ≥3 members, ANOVA with Dunnett's 
post-hoc test was used when data were normally distributed, 
and Kruskal-Wallis with Dunn's post hoc test was used if the 
data were not normally distributed.

Results

Analysis of FOXO3 expression based on TCGA database. the 
difference in the expression of FOXO3 between Hcc (n=371) 
and normal liver tissue (n=50) was determined using tcgA 
database. The expression level of FOXO3 in HCC was signifi-
cantly higher compared with that in non-cancerous liver tissue 
(P<0.001; Fig. 1A).

Association between FOXO3 expression and clinicopatho-
logical parameters. the association between the expression 
of FOXO3 and various clinical variables is listed in table I. 
A statistically significant association was found between the 
expression of FOXO3 and edmondson grade, presence of 
metastases, tumor-node-Metastasis (tnM) stage, survival 
status, and level of α‑fetoprotein (AFP). No significant asso-
ciations were observed between Foxo3 expression and other 
clinical pathological parameters. the analysis of tcgA 
datasets revealed the expression of FOXO3 varied between 
different clinical tnM stages (Fig. 1B). the median expres-
sion was 5.558 in normal (n=50), 6.387 in stage 1 (n=168), 6.42 
in stage 2 (n=84), 6.819 in stage 3 (n=82) and 7.639 in stage 4 
(n=6). The positive rate of FOXO3 is higher in the III and IV 
stages compared with stages I and II. Furthermore, analysis 
of tcgA database indicated that the expression of FOXO3 in 
Hcc was associated with pathological grade (Fig. 1c). the 

Figure 1. expression of FOXO3 according to the cancer genome Atlas database. (A) expression of FOXO3 in normal liver and Hcc tissues. Association 
between FOXO3 expression and (B) clinical tnM staging of Hcc, and (c) histological grade of Hcc. ***P<0.001. FOXO3, forkhead box O3; HCC, hepatocel-
lular carcinoma.
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median expression of FOXO3 at various tumor grades was as 
follows: 1, 6.108 (n=54); 2, 6.765 (n=173); 3, 6.964 (n=118); and 
4, 7.132 (n=12). the expression of FOXO3 in tumors with high 
edmondson grade, presence of metastasis, high tnM stage 
and high AFP level was significantly higher compared with 
that in tumors with low edmondson grade and low AFP level.

Analysis of FOXO3 expression via IHC. IHc staining demon-
strated that FOXO3 protein was upregulated in Hcc tissues, 
with strong staining localized in the nucleus (Fig. 2). FOXO3 
was upregulated in 238/314 (75.80%) Hcc tissues. the expres-
sion of FOXO3 was significantly lower in non‑cancerous liver 

tissue; FOXO3 was upregulated in 43/150 (28.67%) samples. 
the difference in expression of FOXO3 protein was statisti-
cally significant, with higher IHC scores in cancerous tissues 
(P=0.0081; table II).

Identification of genes interacting with FOXO3 and gene 
set functional enrichment analysis. genes that interact with 
FOXO3 include cDKn1B, AKt1, sMAD4, sOD2, Bcl2l11, 
sIrt1, eP300, sgK1, AKt2 and creBBP. Functional 
enrichment analysis of genes interacting with FOXO3 revealed 
that the FOXO3 gene serves a key role in the transcription 
and regulation via PPI enrichment; 11 nodes were identified 
(P=2.83x10-5; Fig. 3).

Survival analysis. the mean survival time of patients with 
high FOXO3 expression in Hcc tissue was 30.17±1.74 months, 
which was significantly shorter compared with patients in the 
low‑FOXO3 expression group, 50.60±2.82 months (P<0.001; 
Fig. 4A). these results are consistent with tcgA database, the 
higher expression of FOXO3 in cancer tissues the survival rate 
was lower (P=0.0083; Fig. 4B).

Discussion

In china, there is a high incidence of liver cancer and Hcc 
represents the most frequent subtype of cancer of the liver and 
is characterized by poor prognosis. In 2015, 466,100 people 
were diagnosed with liver cancer and 422,100 individuals 
succumbed to this disease in china (33). At present, surgery is 
the most effective option for the treatment of localized Hcc; 
however, when Hcc metastasizes, the effectiveness of surgery 
significantly decreases, in addition to the patient survival 
rate (34). therefore, identification of specific molecular 
markers that are involved in the malignant progression of Hcc 
is crucial to facilitate the early diagnosis and treatment of the 
disease (35-37).

Following investigation into the molecular basis and 
pathogenesis of liver cancer, it has been confirmed that signal 
transduction pathways and increased neovascular proliferation 
are involved the occurrence, development and metastasis of 
liver cancer (38). In the past years, molecular targeted drugs 
have attracted attention and become novel research hotspots. 
As a class of molecular targeted drugs, small molecule tyrosine 
kinase inhibitors (tKIs) have become one of the mainstream 
drugs used in anti-hepatocarcinoma research (39). tKIs block 

table II. expression of FOXO3 in Hcc and non-cancerous 
liver tissues.

 FOXO3
 expression
 -----------------------------
tissue type total, n low High P-value

Hcc 314   76 238 0.0081
Healthy liver 150 107   43 

Hcc, hepatocellular carcinoma; FOXO3, forkhead box O3.

table I. Association between FOXO3 expression and 
clinicopathological parameters of patients with hepatocellular 
carcinoma recruited for this study. 

 FOXO3
 expression
 -------------------------
clinical parameters total, n low High P-value

Age, years    
 <55 120 71 49 0.395
 ≥55 194 119 75 
sex    
  Male 255 155 100 0.474
  Female 59 35 24 
size, cm    
  <5 168 104 64 0.392
  ≥5 139 83 56 
tumor number    
  single 257 152 105 0.184
  Multiple 57 38 19 
edmondson grade    
  I+II 195 138 57 <0.001
  III 116 49 67 
Metastasis    
  M0 282 175 107 0.026
  M1 27 11 16 
Microvascular invasion    
  Absence 136 87 49 0.061
  Presence 91 48 43 
tnM stage    
  I + II 196 139 57 <0.001
  III+IV 116 49 67 
AFP, µg/l    
  <50 138 104 34 <0.001
  ≥50 117 43 74 
status    
  Alive 141 101 30 <0.001
  Dead 72 30 42 

the clinical information of a small number of patients was lost during 
the statistical analysis. FOXO3, forkhead box O3.
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signaling pathways by inhibiting kinase activity, tumor growth 
and cell proliferation, resulting in antitumor effects (40), and 
improving the prognosis of patients with cancer. sorafenib, 
replilinide, lenvatinib and cabozantinib are tKIs that are 
partially targeted to vascular endothelial growth factor recep-
tors and are approved worldwide for the treatment of advanced 
Hcc. A disadvantage of tKIs is that their use can result in 
adverse side effects, including fatigue, diarrhea, hand-foot 
skin reaction, nausea, vomiting, loss of appetite, high blood 
pressure and weight loss (41). the clinical application of tKIs 

requires careful consideration of safety and efficacy (42). 
therefore, it is particularly important to explore novel targeted 
therapies for Hcc.

FOXO3 has a relative molecular mass of ~71 kDa and 
contains five domains: a highly conserved forked-winged 
helix-turn-helix DnA binding domain (FKH), two nuclear 
localization sequences (nls), one nuclear export sequence 
and one c-terminal transactivation domain (tAD) (43). 
the highly conserved FKH domain primarily regulates 
the interaction between FOXO3 and DnA, and also medi-
ates its interaction with estrogen receptor α (44) and tumor 
protein p53 (p53) protein (45). the translocation of FOXO3 
from the cytoplasm to the nucleus requires the nls domain, 
which mediates the release of FOXO3 from the nucleus. the 
c-terminal tAD domain is critical for the transactivation of 
FOXO3 target genes. FOXO3 is phosphorylated by upstream 
kinases such as AKt, erK, serum/glucocorticoid regulated 
kinase 1, inhibitor of nuclear factor-κB kinase subunit β and 
inhibitor of nuclear factor-κB kinase subunit ε. the dysregula-
tion of these kinases often occurs in different types of cancer 
and facilitates tumor progression by promoting the FOXO 
nuclear-cytoplasmic shuttle or ubiquitin-dependent protein 
kinase degradation (46-49). the carcinogenic effects of 
FOXO3 dysfunction are mediated by a variety of mechanisms 
that involve several genes associated with apoptosis, such 
as Bim, noxa, Puma, Fasl and trAIl, in addition to genes 
controlling cell proliferation, such as p21, p27, p130, cyclin g2 
and gADD45 (45). therefore, the increased expression of the 
FOXO3 gene is associated with the incidence of cancer.

FOXO3 has been revealed as a potential biomarker for the 
diagnosis, prognosis and monitoring of treatment in a variety 
of malignancies. For example, FOXO3 high expression was 
identified as a biomarker in cells with Hodgkin's lymphoma 
phenotype (50), and the potential of FOXO3 high expression 

Figure 2. results of FOXO3 immunohistochemistry. staining of Hcc tissues revealed (A) strong expression; (B) moderate expression; and (c) no expression 
of FOXO3 in HCC tissues. Magnifications, x40 and x400. FOXO3, forkhead box O3.

Figure 3. location of the FOXO3 gene in the mitochondrial gene transcrip-
tion and its interaction genes. the functional enrichment analysis of genes 
interacting with FOXO3 revealed that the FOXO3 gene serves a key role in 
the transcription and regulation of genes. FOXO3, forkhead box O3.
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as a prognostic biomarker for a variety of cancer types has 
been demonstrated in several studies, such as in breast cancer 
and glioblastoma (24‑26,51). The current study identified that 
FOXO3 was significantly upregulated in HCC, compared with 
normal liver tissue, this may indicate that the expression of 
FOXO3 in HCC cancer is tissue‑specific. Notably, the current 
results also revealed that high expression of FOXO3was 
found in 28.67% of normal tissues and it was ~24.2% lower 
in Hcc tissues. this may be attributable to differences in the 
population recruited for the present study. therefore, further 
large-scale studies are required to confirm the utility of 
FOXO3 as a biomarker for Hcc.

the increased expression of phosphorylated FOXO3 was 
also identified as a prognostic biomarker for ovarian cancer 
and acute myeloid leukemia (52), and its nuclear localization 
was demonstrated to be a prognostic biomarker for ductal 
carcinoma of the breast (53). In addition, the subcellular local-
ization of FOXO3 was revealed to be a predictor of response 
to chemo- and radiotherapy in cervical, breast and esophageal 
cancer (54). the present study revealed that the expression 
level of FOXO3 was significantly associated with Edmondson 
grade (P<0.001), TNM stage (P<0.001), presence of metastases 
(P<0.05) and increased AFP level (P<0.001). Additionally, the 
mean survival time and 5‑year survival rate were significantly 
lower in patients with high FOXO3 expression, compared with 
the lower expression group. High expression of FOXO3 was 
significantly associated with a poor prognosis, indicating that 
FOXO3 may serve as a prognostic marker in patients with 
HCC, and may influence tumor progression. Notably, FOXO3 
is highly expressed in Hcc and is associated with poor prog-
nosis. the results of the IHc analysis in the present study were 
consistent with the data retrieved from tcgA repository.

FOXO3 serves as a transcription factor, which binds 
the transcriptional regulatory binding domain of various 
target genes in the nucleus through the PI3K-AKt signaling 
pathway (55). therefore, FOXO3 regulates multiple signaling 
pathways as key nodes in tumor cells. Hcc is characterized 

by activation of the Wnt signaling pathway, which serves an 
important role in the development and malignant progression 
of liver cancer (56). In addition, FOXO3 interacts with multiple 
intracellular signaling factors such as β-catenin, P53 and 
Myc proto-oncogene bHlH transcription factor, in the Wnt 
pathway (57-60). therefore, FOXO3 serves a multi-step regu-
latory role in cells; involved in self- and mutual regulation, 
and selective expression of target genes, such as insulin-like 
growth factor receptor 1 and PI3KcA. notably, the importance 
of investigating its role as a regulatory factor in the field of 
Hcc treatment has been demonstrated in the aforementioned 
literature, and may provide theoretical evidence for improving 
the limitations in Hcc treatment, and assist with elucidating 
the underlying biological characteristics of FOXO3.

In conclusion, the evaluation of FOXO3 expression may 
represent a potential auxiliary test for use in the diagnosis of 
Hcc. Moreover, since upregulation of FOXO3 in Hcc is asso-
ciated with shorter survival time and lower survival rate, it may 
be used as a novel indicator of prognosis in patients with Hcc. 
the current study did not investigate the molecular mechanisms 
underlying this association; hence, the specific role of FOXO3 in 
the pathogenesis of Hcc requires elucidation in future studies.

Acknowledgements

not applicable.

Funding

this work was supported by the grants from the Zhejiang 
Province Bureau of Health (grant nos. WKJ-ZJ-1812, 201
8ZZ002 and WKJ-ZJ-1710), national science Foundation 
of china (grant nos. 81602174 and 81672430), Funds of 
science technology Department of Zhejiang Province 
(grant no.  lgF18H160024 and lgF18H160025), 
Zhejiang Provincial natural science Foundation of china 
(grant no. ly17H160062).

Figure 4. Kaplan-Meier survival curves of patients with Hcc with high or low FOXO3 expression. (A) Kaplan-Meier survival curves of patients recruited in 
the present study with Hcc and high or low FOXO3 expression. (B) Kaplan-Meier analysis of tcgA dataset describing the effect of FOXO3 expression level 
on survival time of patients with Hcc. the present results are consistent with tcgA database, the higher expression of FOXO3 in cancer tissues the survival 
rate was lower. Hcc, hepatocellular carcinoma; FOXO3, forkhead box O3; tgcA, the cancer genome Atlas.



OncOlOgy letters  19:  3181-3188,  2020 3187

Availability of data and materials

the microarray datasets generated and/or analyzed during the 
current study are available from the corresponding author on 
reasonable request. the dataset analyzed during the current 
study are available in the tgcA repository (https://portal.gdc.
cancer.gov).

Authors' contributions

sss and JFy performed the experiments and wrote the manu-
script. XZM and XBD made substantial contributions to the 
conception of the study. ynZ and HyP participated in the 
design and coordination of experimental work and acquisi-
tion of data. XlH, HJW and ZMH participated in the study 
design, data collection and analysis of data. All authors read 
and approved the final manuscript.

Ethics approval and consent to participate

the present study was approved by the review Board of the 
ethics committee of Zhejiang Provincial People's Hospital 
(Hangzhou, china), and written informed consent was 
provided by each participant prior to data collection.

Patient consent for publication

not applicable.

Competing interests

the authors declare that they have no competing interests.

References

 1. Bray F, Ferlay J, soerjomataram I, siegel rl, torre lA and 
Jemal A: global cancer statistics 2018: glOBOcAn estimates 
of incidence and mortality worldwide for 36 cancers in 185 coun-
tries. J cA cancer J clin 68: 394-424, 2018.

 2. global Burden of Disease liver cancer collaboration, Akinyemiju t, 
Abera s, Ahmed M, Alam n, Alemayohu MA, Allen c, 
Al-raddadi r, Alvis-guzman n, Amoako y, et al: the burden of 
primary liver cancer and underlying etiologies from 1990 to 2015 
at the global, regional, and national level: results From the global 
burden of disease study 2015. JAMA Oncol 3: 1683-1691, 2017.

 3. national comprehensive cancer network. nccn clinical prac-
tice guidelines in oncology (nccn guidelines): Hepatobiliary 
cancers (version 2.2016), 2016. https://www.nccn.org/about/
news/ebulletin/ebulletindetail.aspx?ebulletinid=1085. Accessed 
June 27, 2016.

 4. Keating gM: sorafenib: A review in hepatocellular carcinoma. 
target Oncol 12: 243-253, 2017.

 5. samji H, yu A, Kuo M, Alavi M, Woods r, Alvarez M, Dore gJ, 
tyndall M, Krajden M and Janjua nZ; Bc Hepatitis testers 
cohort team: late hepatitis B and c diagnosis in relation to 
disease decompensation and hepatocellular carcinoma develop-
ment. J Hepatol 67: 909-917, 2017.

 6. Ang c, O'reilly eM and Abou-Alfa gK: targeted agents and 
systemic therapy in hepatocellular carcinoma. recent results 
cancer res 190: 225-246, 2013.

 7. Xue F, liu y, chu H, Wen y, yan l, tang Q, Xiao e, Zhang D 
and Zhang H: eIF5A2 is an alternative pathway for cell prolif-
eration in cetuximab-treated epithelial hepatocellular carcinoma. 
Am J transl res 8: 4670-4681, 2016.

 8. liu y, Ao X, Ding W, Ponnusamy M, Wu W, Hao X, yu W, 
Wang y, li P and Wang J: critical role of FOXO3a in carcino-
genesis. Mol cancer 17: 104, 2018.

 9. Burgering BM: A brief introduction to FOXOlogy. Oncogene 27: 
2258-2262, 2008.

10. Wang Ps, chou cH, lin cH, yao yc, cheng Hc, li Hy, 
chuang yc, yang cn, ger lP, chen yc, et al: A novel long 
non-coding rnA linc-ZnF469-3 promotes lung metastasis 
through mir-574-5p-ZeB1 axis in triple negative breast cancer. 
Oncogene 37: 4662-4678, 2018.

11. tikhanovich I, cox J and Weinman sA: Forkhead box class O 
transcription factors in liver function and disease. J gastroenterol 
Hepatol 28 (suppl 1): s125-s131, 2013.

12. Zhang K, li l, Qi y, Zhu X, gan B, DePinho rA, Averitt t 
and guo s: Hepatic suppression of Foxo1 and Foxo3 causes 
hypoglycemia and hyperlipidemia in mice. endocrinology 153: 
631-646, 2012.

13. tao r, Wei D, gao H, liu y, DePinho rA and Dong Xc: Hepatic 
FoxOs regulate lipid metabolism via modulation of expression of 
the nicotinamide Phosphoribosyltransferase gene. J Biol chem 
286: 14681-14690, 2011.

14. Zanella F, rosado A, garcía B, carnero A and link W: chemical 
genetic analysis of FOXO nuclear-cytoplasmic shuttling by 
using image-based cell screening. chem Biochem 9: 2229-2237, 
2008.

15. Anderson MJ, Viars CS, Czekay S, Cavenee WK and Arden KC: 
cloning and characterization of three human forkhead genes that 
comprise an FKHr-like gene subfamily. genomics 47: 187-199, 
1998.

16. Birkenkamp KU and coffer PJ: FOXO transcription factors 
as regulators of immune homeostasis: Molecules to die for? 
J Immunol 171: 1623-1629, 2003.

17. Burgering BM and Kops gJ: cell cycle and death control: long 
live Forkheads. trends Biochem sci 27: 352-360, 2002.

18. greer el and Brunet A: FOXO transcription factors at the inter-
face between longevity and tumor suppression. Oncogene 24: 
7410-7425, 2005.

19. Hu Mc, lee DF, Xia W, golfman ls, Ou-yang F, yang Jy, Zou y, 
Bao s, Hanada n, saso H, et al: IkappaB kinase promotes tumorigen-
esis through inhibition of forkhead FOXO3a. cell 117: 225-237, 2004.

20. van der Vos KE, Gomez‑Puerto C and Coffer PJ: Regulation of 
autophagy by Forkhead box (FOX) O transcription factors. Adv 
Biol regul 52: 122-136, 2012.

21. Wang yQ, cao Q, Wang F, Huang ly, sang tt, liu F and 
chen sy: sIrt1 protects against oxidative stress-induced 
endothelial progenitor cells apoptosis by inhibiting FOXO3a 
via FOXO3a ubiquitination and degradation. cell Physiol 230: 
2098-2107, 2015

22. lu yF, yu Jr, yang Z, Zhu gX, gao P, Wang H, chen sy, 
Zhang J, liu My, niu y, et al: Promoter hypomethylation 
mediated upregulation of MicrornA-10b-3p targets FOXO3 to 
promote the progression of esophageal squamous cell carcinoma 
(escc). J exp clin cancer res 37: 301, 2018.

23. Bullock MD, Bruce A, sreekumar r, curtis n, cheung t, 
reading I, Primrose Jn, Ottensmeier c, Packham gK, thomas g 
and Mirnezami AH: FOXO3 expression during colorectal cancer 
progression: Biomarker potential reflects a tumour suppressor 
role. Br J cancer 109: 387-394, 2013.

24. rehman A, Kim y, Kim H, sim J, Ahn H, chung Ms, shin sJ 
and Jang K: FOXO3a expression is associated with lymph node 
metastasis and poor disease-free survival in triple-negative 
breast cancer. J clin Pathol 71: 806-813, 2018.

25. Qian Z, ren l, Wu D, yang X, Zhou Z, nie Q, Jiang g, Xue s, 
Weng W, Qiu y and lin y: Overexpression of FoxO3a is 
associated with glioblastoma progression and predicts poor 
patient prognosis. Int J cancer 140: 2792-2804, 2017.

26. yu s, yu y, sun y, Wang X, luo r, Zhao n, Zhang W, li Q, 
cui y, Wang y, et al: Activation of FOXO3a suggests good 
prognosis of patients with radically resected gastric cancer. Int 
J clin exp Pathol 8: 2963-2970, 2015.

27. shi J, Zhang l, shen A, Zhang J, Wang y, Zhao y, Zou l, 
Ke Q, He F, Wang P, et al: Clinical and biological significance 
of forkhead class box O 3a expression in glioma: Mediation of 
glioma malignancy by transcriptional regulation of p27kip1. 
J neurooncol 98: 57-69, 2010.

28. Fei M, Zhao y, Wang y, lu M, cheng c, Huang X, Zhang D, lu J, 
He s and shen A: low expression of Foxo3a is associated with poor 
prognosis in ovarian cancer patients. cancer Invest 27: 52-59, 2009.

29. liver including intrahepatic bile ducts. In: Manual for staging of 
Cancer. Beahrs OH, Henson DE, Hulter RVP and Meyers MH (eds). 
JB lippincott, Philadelphia, PA, pp87-92, 1988.

30. Izumi r, shimizu K, li t, yagi M, Matsui O, nonomura A and 
Miyazaki I: Prognostic factors of hepatocellular carcinoma in 
patients undergoing hepatic resection. gastroenterology 106: 
720-727, 1994.



sOng et al:  DIAgnOsIs OF HePAtOcellUlAr cArcInOMA UsIng FOXO33188

31. edmondson HA and steiner Pe: Primary carcinoma of the 
liver: A study of 100 cases among 48,900 necropsies. cancer 7: 
462-503, 1954.

32. Zhou l, rui JA, Zhou WX, Wang sB, chen sg and Qu Q: 
edmondson-steiner grading: A crucial predictor of recurrence 
and survival in hepatocellular carcinoma without microvascular 
invasion. Pathol res Pract 213: 824-830, 2017.

33. chen W, Zheng r, Baade PD, Zhang s, Zeng H, Bray F, Jemal A, 
yu XQ and He J: cancer statistics in china, 2015. cA cancer 
J clin 66: 115-132, 2016.

34. toyoda H, Kumada t and tada t: changes in patient back-
grounds may increase the incidence of HCC after SVR in the era 
of IFN‑free therapy for HCV. Hepatology 64: 1818‑1819, 2016.

35. Bosch FX, ribes J, Díaz M and cléries r: Primary liver cancer: 
Worldwide incidence and trends. gastroenterology 127 (suppl 1): 
s5-s16, 2004.

36. galun D, Basaric D, Zuvela M, Bulajic P, Bogdanovic A, Bidzic n 
and Milicevic M: Hepatocellular carcinoma: From clinical prac-
tice to evidence-based treatment protocols. World J Hepatol 7: 
2274-2291, 2015.

37. He TC, Zhou S, da Costa LT, Yu J, Kinzler KW and Vogelstein B: 
A simplified system for generating recombinant adenoviruses. 
Proc natl Acad sci UsA 95: 2509-2514, 1998.

38. Zhang J, yang Pl and gray ns: targeting cancer with small 
molecule kinase inhibitors. nat rev cancer 9: 28-39, 2009.

39. Hojjat-Farsangi M: small-molecule inhibitors of the receptor 
tyrosine kinases: Promising tools for targeted cancer therapies. 
Int J Mol sci 15: 13768-13801, 2014.

40. Verweij J, Casali PG, Zalcberg J, LeCesne A, Reichardt P, 
Blay Jy, Issels r, van Oosterom A, Hogendoorn Pc, 
Van Glabbeke M, et al: Progression-free survival in gastroin-
testinal stromal tumours with high-dose imatinib: randomized 
trial. lancet 364: 1127-1134, 2004.

41. rimassa l, Danesi r, Pressiani t and Merle P: Management 
of adverse events associated with tyrosine kinase inhibitors: 
Improving outcomes for patients with hepatocellular carcinoma. 
cancer treat rev 77: 20-28, 2019.

42. tsai Kl, sun yJ, Huang cy, yang Jy, Huang Mc and Hsiao cD: 
crystal structure of the human FOXO3a-DBD/DnA complex 
suggests the effects post-translational modification. nucleic 
Acids res 35: 6984-6994, 2007.

43. Zou y, tsai WB, cheng cJ, Hsu c, chung yM, li Pc, lin sH 
and Hu Mc: Forkhead box transcription factor FOXO3a 
suppresses estrogen-dependent breast cancer cell proliferation 
and tumorigenesis. Breast cancer res 10: r21, 2008.

44. Wang F, Marshall cB, yamamoto K, li gy, Plevin MJ, you H, 
Mak tW and Ikura M: Biochemical and structural characteriza-
tion of an intramolecular interaction in FOXO3a and its binding 
with p53. J Mol Biol 384: 590-603, 2008.

45. luo J, liang A, liang M, Xia r, rizvi y, Wang y and cheng J: 
serum glucocorticoid-regulated kinase 1 blocks cKD-induced 
muscle wasting via inactivation of FOXO3a and smad2/3. J Am 
soc nephrol 27: 2797-2808, 2016.

46. lu J, Zhang r, Hong H, yang Z, sun D, sun s, guo X, ye J, 
li Z and liu P: the poly(ADP-ribosyl) ation of FOXO3 medi-
ated by PA r P1 participates in isoproterenol-induced cardiac 
hypertrophy J Biochim Biophys Acta 1863: 3027-3039, 2016.

47. sanchez AM, csibi A, raibon A, cornille K, gay s, Bernardi H 
and candau r: AMPK promotes skeletal muscle autophagy 
through activation of forkhead FOXO3a and interaction with 
UIK2. J cell Biochem 113: 695-710, 2012.

48. van grevenynghe J, cubas rA, DaFonseca s, Metcalf t, 
tremblay cl, trautmann l, sekaly rP, schatzle J and 
Haddad eK: Foxo3a: An integrator of immune dysfunction 
during HIV infection. Cytokine Growth Factor Rev 23: 215‑221, 
2012.

49. Ikeda J, tian t, Wang y, Hori y, Honma K, Wada n and Morii e: 
expression of FoxO3a in clinical cases of malignant lymphoma. 
Pathol res Pract 209: 716-720, 2013.

50. shou Z, lin l, liang J, li Jl and chen Hy: expression and 
prognosis of FOXO3a and HIF-1α in nasopharyngeal carcinoma. 
J cancer res clin Oncol 138: 585-593, 2012.

51. lu M, Xiang J, Xu F, Wang y, yin y and chen D: the expression 
and significance of pThr32‑FOXO3a in human ovarian cancer. 
Med Oncol 29: 1258-1264, 2012.

52. Stan SD, Hahm ER, Warin R and Singh SV: Withaferin A causes 
FOXO3a- and Bim-dependent apoptosis and inhibits growth of 
human breast cancer cells in vivo. cancer res 68: 7661-7669, 
2008.

53. Kim HJ, lee sy, Kim cy, Kim yH, Ju W and Kim sc: 
subcellular localization of FOXO3a as a potential biomarker 
of response to combined treatment with inhibitors of PI3K 
and autophagy in PIK3cA-mutant cancer cells. Oncotarget 8: 
6608-6622, 2017.

54. eijkelenboom A and Burgering BM: FOXOs: signaling integra-
tors for homeostasis maintenance. nat rev Mol cell Biol 14: 
83-97, 2013.

55. Jia Q, Bu y, Wang Z, chen B, Zhang Q, yu s and liu Q: 
Maintenance of stemness is associated with the interation of 
lrP6 and heparin-binding protein ccn2 autocrined by hepato-
cellular carcinoma. J exp clin cancer res 36: 117, 2017.

56. you H, yamamoto K and Mak tW: regulation of transactiva-
tion-independent proapoptotic activity of p53 by FOXO3a. Proc 
natl Acad sci UsA 103: 9051-9056, 2006.

57. Kloet De and Burgering BM: the PKB/FOXO switch in aging 
and cancer. Biochim Biophys Acta 1813: 1926-1937, 2011.

58. Hoogeboom D and Burgering BM: should I stay or should I go: 
Beta-catenin decides under stress. Biochim Biophys Acta 1796: 
63-74, 2009.

59. Essers MA, de Vries‑Smits LM, Barker N, Polderman PE, 
Burgering BM and Korswagen Hc: Functional interaction 
between beta-catenin and FOXO in oxidative stress signaling. 
science 308: 1181-1184, 2005.

60. lasagna n, Fantappiè O, solazzo M, Morbidelli l, Marchetti s, 
cipriani g, Ziche M and Mazzanti r: Hepatocyte growth factor 
and inducible nitric oxide synthase are involved in multidrug 
resistance-induced angiogenesis in hepatocellular carcinoma cell 
lines. cancer res 66: 2673-2682, 2006.

This work is licensed under a Creative Commons 
Attribution-NonCommercial-NoDerivatives 4.0 
International (CC BY-NC-ND 4.0) License.


