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High expression of FOXO3 is associated with poor
prognosis in patients with hepatocellular carcinoma
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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
y* 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
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samples. A significant association was demonstrated between
FOXO3 expression and metastasis, Tumor-Node-Metastasis
stage, Edmondson grade, a-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, FOXO03, 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 FoxOl, 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 FKHRPland
FKHRLI1 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
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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
a-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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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.

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-um 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 y* 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 a-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
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Table 1. 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 0474
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+11 195 138 57 <0.001
III 116 49 67
Metastasis
M, 282 175 107 0.026
M, 27 11 16
Microvascular invasion
Absence 136 87 49 0.061
Presence 91 48 43
TNM Stage
I+1I 196 139 57 <0.001
II+1V 116 49 67
AFP, ug/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.

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. THC 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
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Table II. Expression of FOXO3 in HCC and non-cancerous
liver tissues.

FOXO03
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.

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
FOXO03 include CDKNIB, AKT1, SMAD4, SOD2, BCL2LI1,
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=2.83x107; 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 aclass 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
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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.
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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.

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 o (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-xB kinase subunit [ and
inhibitor of nuclear factor-«B kinase subunit . 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
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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.

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.

FOXO03 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 (-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.
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