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Introduction

Forkhead box protein 3 (FOXP3) was first discovered in 
samples of tissues from scurfy mice with X-linked recessive 
genetic immune disorders and severe autoimmune diseases. 
FOXP3 is an important member of the forkhead/winged 

helix family of transcription factors (1). In previous studies, 
FOXP3 has had high relative levels of expression in 
regulatory T cells (Treg), has been indicated as the decisive 
factor in the development of and for proper function of 
Treg cells, and was identified as the most characteristic 
molecular marker indicative of the presence of Treg cells 
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(2,3). Recent studies have indicated that FOXP3 occurs 
in and effects the growth and development of different 
types of tumor cells, including of pancreatic cancer (4),  
colorectal cancer (5,6), malignant melanoma (7,8), 
thyroid carcinoma (9), liver carcinoma (10), and ovarian  
carcinoma (11). Epigenetic related modifications have been 
deemed as potentially important mechanisms which can 
help regulate reregulate FOXP3 expression and function 
within Treg cells (12). However, few reports are available 
which have examined epigenetics as related to FOXP3 
expression in tumor cells and methylation studies of FOXP3 
in tumor cells have yet to be published. Thus, the main 
purpose of this study was to examine and discuss the role 
of FOXP3 gene promoter methylation in hepatocellular 
carcinoma (HCC) afflicted cells. The new information 
should help lay an initial foundation and route for further 
studies of the role of epigenetics and FOXP3 genes in HCC 
dynamics.

Methods

HCC tissue samples

Eight pairs of HCC afflicted samples and of corresponding 
samples of nearby non-tumorous tissues were collected 
between 2016 and 2017 from eight individual HCC patients 
who underwent primary and curative tumor resectioning 
in our hospital. All subjects were provided with, and signed 
written informed consent prior to sample collection. 
Approvals related to human ethics guidelines for this study 
were obtained from the Clinical Research Ethics Committee 
at Shenzhen Hospital, Peking University, China.

Cell lines and cell culture

Non-tumorous liver cells of line LO2 and HCC afflicted 
cells of cell lines Huh7 and BEL7402 were purchased 
from the Cell Bank of the Chinese Academy of Sciences 
(Shanghai, China). The cell line HepG2 was provided by 
Dr. Liu Zhigao from the laboratory of Shenzhen PKU-
HKUST Medical Center. The SMMC7721 cell line was 
provided by Dr. Shi Min from Reproductive Medical 
Laboratory of Shenzhen PKU-HKUST Medical Center. 
All cells were cultured in Dulbecco’s Modified Eagle’s 
Medium (DMEM) containing 10% fetal bovine serum 
(FBS) in a 5% CO2 atmosphere at 37 ℃. We also used  
100 U/mL penicillin, and streptomycin as supplements for 
the medium.

RT-PCT and real-time quantitative PCR

Total RNA was extracted using Trizol reagent (Invitrogen) 
following manufacturer protocols. Reverse transcription 
was performed using the PrimeScript RT reagent Kit (Takara, 
Japan) following all manufacturer protocols. Quantitative 
RT-PCR was performed using SYBR Prime Script RT-PCR 
Kits (Takara, Japan) following all manufacturer protocols. 
Expression levels of FOXP3 were calculated with the 2-ΔΔCt 
method normalized using glyceraldehyde 3-phosphate 
dehydrogenase (GAPDH) mRNA. All assays were performed 
in triplicate. The primer sets we used for examination of the 
levels of expression were as follows: FOXP3 forward primer, 
5'-GGCCCTTCTCCAGGACAGA-3'; FOXP3 reverse 
primer, 5'-GCTGATCATGGCTGGGTTGT-3'; GAPDH 
forward primer, 5'-AGAAGGCTGGGGCTCATTTG-3'; and  
GAPDH reverse primer, 5'-AGGGGCCATCCACAGTCTTC-3'.

Immunohistochemistry assay

Hepatocellular tissue samples were fixed in 10% formalin 
and embedded in paraffin overnight. Tissues were 
sectioned at 4 mm thickness and were deparaffinized and 
rehydrated through a xylene and graded alcohol series. 
Samples of sectioned tissue were then boiled in citric 
acid buffer. Samples of sections afflicted by HCC were 
incubated overnight at 4 ℃ with the anti-FOXP3 antibody. 
After washing in PBS, samples were incubated at 37 ℃ 
with a second peroxidase reagent for 60 min, followed 
by 3,3'-diaminobenzidine (DAB) substrate staining, and 
counterstaining with Vector Hematoxylin QS. Resultant 
images were captured using microscopy (Olympus BX41).

Western blot

For protein extraction, cultured HCC afflicted cell lines 
were lysed in cell lysis buffer including a protease inhibitor 
cocktail (Roche). Then, protein samples were separated 
using 10% SDS PAGE and transferred to polyvinylidene 
difluoride (PVDF) membranes (Millipore Corp., USA). 
Transfers were followed by blocking with 5% bovine 
serum albumin (BSA) for 2 hrs at room temperature and 
incubation with the primary antibody at 4 ℃ overnight. 
After washing with TBST 3 times, membranes were 
incubated with peroxidase conjugated secondary antibodies 
for 1 hr at room temperature. Amplified band intensities 
were determined using chemiluminescent reagents 
(ThermoFisher Scientific, USA).
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DNA methylation analysis

We predicted the occurrences of CpG islands using the 
UCSC Genome Browser. Genomic DNA from LO2 and 
7721 cells was prepared using the MethylDetector kit 
(Active Motif Co.). The primer set for PCR was as follows: 
forward primer, 5'-TTTATTTGGGTTAAGTTTGTT
GTAGG-3'; reverse primer, 5'-CATCTAAACCCTAT
TATCACAACCC-3'. PCR products were cloned using a 
T4 ligase cloning kit (Takara), and single clones were sent 
for sequencing. The levels of expression of FOXP3 in 7721 
cells treated with or without 3 mM 5-aza-2'-deoxycytidine 
(5-AzadC; Sigma) for 72 hrs was analyzed by qRT-PCR.

Results

FOXP3 was down-regulated in HCC tissues

We investigated levels of expression of FOXP3 in HCC 
afflicted tissues and corresponding adjacent non-tumorous 
liver tissues sampled from 8 individual HCC patients. 
Using real-time PCR, we found that the levels of mRNA 
expression of FOXP3 in HCC tissues were significantly 
decreased compared with the corresponding levels in 
adjacent non-tumorous liver tissues (P=0.031; Figure 1A). 
Immunohistochemistry assays which examined patient 
levels of FOXP3 protein expression between tumor tissues 
with (PVTT) and without (HCC) metastasis indicated that 

levels of expression of FOXP3 proteins in PVTT tissues 
were significantly lower than were respective levels in HCC 
afflicted tissues (Figure 1B).

FOXP3 was aberrantly expressed in HCC cell lines

For further confirmation of observed levels of expression of 
FOXP3 in HCC afflicted samples, we measured the levels of 
mRNA and proteins of FOXP3 in 5 HCC cell lines (Huh-7, 
HepG2, Hep3B, 7721, and 97H) and in one non-tumorous 
human liver cell line (LO2). As demonstrated in Figure 2A, 
the levels of expression of FOXP3 in HCC afflicted cell 
lines were lower than respective levels in the non-tumorous 
liver cell line (Figure 2A). Consistent with the observations 
for levels of mRNA, results from western blotting revealed 
a similar decrease in the levels of expression of FOXP3 in 
HCC afflicted cell lines, compared with the non-tumorous 
liver cell line LO2 (Figure 2B).

FOXP3 promoter was aberrantly expressed in HCC cell 
lines

Our results indicated that FOXP3 was abnormally expressed 
in both HCC afflicted tissues and cell lines, and it has been 
previously hypothesized that the FOXP3 promoter plays 
a pivotal role in the regulation of FOXP3 transcription 
and expression. Therefore, we investigated the role and 
influence of the FOXP3 promoter region to analyze the 
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Figure 1 FOXP3 was downregulated in HCC tissues. (A) Quantitative real-time PCR analysis of FOXP3 mRNA expression from eight 
pairs of HCC afflicted tissues and adjacent non-tumorous liver tissues. Alteration of expression is shown as dot plot presentations. The mean 
level of FOXP3 expression in HCC afflicted tissues was significantly lower than in non-tumorous tissues (P=0.031, independent t-test). (B) 
Immunohistochemistry analysis was used to detect the levels of expression of FOXP3 in HCC afflicted tissues with (PVTT) and without 
metastasis (HCC). FOXP3, forkhead box protein 3; HCC, hepatocellular carcinoma; PVTT, portal vein tumor thrombus.
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corresponding levels of expression of FOXP3 among HCC 
afflicted cell lines using RT-PCR. As Figure 3 indicates, 
the FOXP3 promoter was abnormally expressed in HCC 
afflicted cell lines.

DNA methylation regulates the expression of FOXP3

Previous studies  have revealed that  DNA hyper-
methylation can have a negative effect on the regulation 
of gene expression. Further, the FOXP3 promoter region 
was hyper-methylated when multiple types of cancers 
were analyzed. Thus, we analyzed the methylation status 
of the FOXP3 promoter by sequencing HCC afflicted 
cells treated with (methylated cells) or without 5-Aza-CdR 
(demethylated cells). We collected 10 colonies from 
methylation-screened LO2 and 7721 cells. Bacterial 
colonies were propagated using colony PCR and then 
randomly selected from colonies. Bisulfite sequencing PCR 
was used to analyze the methylation status of HCC afflicted 
cells. 7721 cells contained fewer methylated CpG sites than 
were identified for LO2 cells (Figure 4A). Furthermore, 

qRT-PCR results indicated that the levels of expression of 
FOXP3 in 7721 cells were increased approximately 4-fold 
in the treatment with the addition of 5-Aza-dC (Figure 4B). 
Such a result suggested that levels of DNA methylation may 
play an important functional role in the realized levels of 
expression of FOXP3.

Discussion

FOXP3 is a chromosomal X-linked nuclear transcription 
factor discovered in efforts resulting from cloning of the 
Scurfin gene (related to X-linked IPEX autoimmune 
disease) locus. FOXP3 is also a newly recognized member 
of the forkhead/winged helix transcription factor family 
located within chromosome Xp11.23 and includes 11 
exons and 10 introns. The total length of the associated 
cDNA is 1,896 bp (13). Initially, FOXP3 was identified 
as a surface marker and characterized as a significant a 
regulatory molecule for CD4+CD25+ Treg cells (14,15). 
Epigenetics modification is an important consideration in 
the factors that regulate the levels of FOXP3 expression 
and has an important function in CD4+CD25+ Treg cells 
(16,17). Means by which epigenetic modifications can 
occur include DNA methylation and histone acetylation 
among others, however, DNA methylation has been the 
primary focus of study thus far (18). DNA methylation and 
demethylation often occur on the CpG island region found 
in DNA promoter sequences (19,20). If the CpG island is 

Figure 2 FOXP3 was aberrantly expressed in HCC cell lines. 
(A) Quantitative real-time PCR analysis of levels of expression of 
FOXP3 in a normal unafflicted liver cell line and HCC afflicted 
cell lines (#, P<0.05; ##, P<0.01). (B) Western blot analysis of 
FOXP3 protein in a normal unafflicted liver cell line and HCC 
afflicted cell lines. GAPDH was used as loading and internal 
control. FOXP3, forkhead box protein 3; HCC, hepatocellular 
carcinoma; GAPDH, glyceraldehyde 3-phosphate dehydrogenase.

Figure 3 FOXP3 was abnormally expressed in HCC cell lines. 
Levels of expression and activity for the FOXP3 gene promoter 
were measured in a normal unafflicted liver cell line and HCC 
afflicted cell lines using RT-PCR. FOXP3, forkhead box protein 3; 
HCC, hepatocellular carcinoma.

LO2       Huh7    HepG2   Hep3B   7721     97H   Marker1.2

0.9

0.6

0.3

0.0

R
el

at
iv

e 
FO

X
P

3 
ex

pr
es

si
on

LO2     Huh7    HepG2  Hep3B    7721     97H

LO2        Huh7      HepG2     Hep3B        7721         97H

FOXP3

#

#

## ## ##

GAPDH

A

B



2028 Lin et al. Promoter hypermethylation attenuates FOXP3 expression in HCC

© Translational Cancer Research. All rights reserved.   Transl Cancer Res 2019;8(5):2024-2031 | http://dx.doi.org/10.21037/tcr.2019.09.09

methylated chromatin may be condensed, whereas if CpG 
is demethylated chromatin may be loosened, and such 
factors are important considerations for possibly increasing 
accessibility and the ability to target DNA sequences 
that connect to specific transcription factors (21). Studies 
have found that in CD4+CD25+ Treg, the CpG sequence 
motif in the FOXP3 promoter region is nearly classified as 
demethylated (4,17).

Changes in the levels of DNA methylation are closely 
related to tumor development and progression. Many 
methylatation sensitive genes can have abnormal levels 
of methylation with corresponding abnormal expression 
in tumorous cells. These are important considerations as 
related to tumorigenesis, including for tumor suppressor 
genes, oncogenes, apoptosis-related genes, mismatch repair 
genes, and others important in cancer related pathways (22).  
For example, the tumor suppressor gene p16 can be 
inactivated due to high levels of methylation of the 
promoter as documented in HCC, ultimately leading 
to liver cancer (23). Over just the last two years, the 

relationship between tumor cell dynamics and FOXP3 has 
attracted increasing attention. FOXP3 is expressed in cells 
of tumorous cell lines and of tumorous tissues, including 
for gastric cancer (24), breast cancer (25), lung cancer (26), 
oral squamous cell carcinoma (27), glioma (28), and prostate 
cancer (29). Our study demonstrated that the functions and 
functional effects of FOXP3 are different in different tissues. 
For example, silencing FOXP3 in melanoma cells by using 
RNA interference successfully reduced the proliferation of 
tumorous cells (8). Likewise, when FOXP3 was regulated 
in a test case with ovarian cancer, cell proliferation was 
inhibited, cell migration was reduced, and cell invasion 
was slowed or eliminated (11). Such findings illustrate 
that FOXP3 could, and likely does affect the development 
and progression of carcinomas as an independent factor 
free from synergisms with other factors. However, few 
studies have thus far been conducted to examine molecular 
regulatory mechanisms affecting expression and function 
of FOXP3 in tumorous cells and its synergisms with other 
mechanisms. Likewise, few studies have examined the role 

Figure 4 DNA methylation regulates the expression of FOXP3. (A) The methylation status of CpG islands in FOXP3 promoters of LO2 
cells and SMMC-7721 cells detected by bisulfite sequencing PCR analysis. Each row of circles represents a single clone, and each circle 
represents a single CpG site. Open circles represent unmethylated cytosine; filled circles represent methylated cytosine. (B) Effects of 5-Aza-
dC on levels of FOXP3 expression in SMMC-7721 cells, as determined by qRT-PCR (#, P<0.01). FOXP3, forkhead box protein 3.
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of epigenetic influences upon FOXP3 dynamics in tumor 
cells, especially as related to DNA methylation inducing 
tumor onset, development, and progression.

Although few detailed examinations of the roles and 
influence that FOXP3 plays in the development and 
progression of tumorous tissues and cells have been 
undertaken, there has been an increased recognition of 
the great potential to use FOXP3 as a means for targeted 
treatment of tumors. According to our findings the Fv 
region of monoclonal antibodies marked by FOXP3 fusion 
proteins if targeted could potentially cause dose-dependent 
cell death for breast cancer, ovarian cancer, and colon 
cancer. Associated research indicated that antibody-based 
therapies could reduce neoplasmic hepatic metastases in 
colon tissues of Balb/c mice, which implies a related cure for 
cancer could be plausible (30). However, it should be noted 
that the potentially new therapeutic method of using FOXP3 
as a treatment target still requires additional rigorous 
research and study to fully understand important molecular 
dynamics and regulatory mechanisms. In our view, although 
the levels of FOXP3 expression and its functions are quite 
different from those of Treg cells, epigenetic modifications, 
and especially methylation related modifications, are still 
the main approaches with the highest potential to regulate 
FOXP3 functions and mitigate related effects in tumor cells. 
In short, an approach considering FOXP3 and the role of 
epigenetics presents a myriad of broad prospects for further 
research and application in clinical practice.

In our study, we found that the levels of expression of the 
FOXP3 gene in liver tissues afflicted by cancer were lower 
than that for respective levels in adjacent non-tumorous 
otherwise normal liver tissues. Further, levels of expression 
of FOXP3 proteins in portal vein tumor thrombus (PVTT) 
were much lower than respective levels in HCC afflicted 
samples without metastasis. Consistent with results in 
sampled tissues, the levels of FOXP3 expression were also 
partially decreased in HCC afflicted cell lines, compared 
to the levels observed in the benign unafflicted liver cell 
line (LO2). We also determined the levels of expression 
of the FOXP3 promoter during analysis of several HCC 
afflicted cell lines. The results indicated that the promoter 
for FOXP3 was abnormally expressed in HCC afflicted 
cell lines. Further, sequencing was performed to detect the 
levels of methylation in the FOXP3 gene promoter region 
of HCC cell line SMMC7721 and LO2 for treatments 
with (methylated) or without 5-Aza-CdR (demethylated) 
applied. Results indicated that the frequency of methylation 
of the FOXP3 promoter region in the SMMC7721 cell line 

was much higher than were respective levels in the LO2 
cell line. This result was confirmed in that the levels of 
expression of FOXP3 were depressed in SMMC7721 cells, 
compared to respective levels in LO2 cells. This stood out 
in contrast to the observation of complete demethylation 
of CpG sequence motifs in the Treg FOXP3 promoter  
region (31), and essentially revealed that hypermethylation 
occurs in the FOXP3 gene promoter region in HCC 
cells. After reversing the hypermethylation status of the 
promoter, we were unable to make conclusive statements 
about the impacts on FOXP3 expression and HCC cell 
proliferation and invasion and these aspects require further 
study to reveal important associated dynamics. Thus, our 
experiment has provided novel information and has helped 
to lay a foundation for examination of the roles of FOXP3 
and epigenetics of HCC cells.

In summary, we found that FOXP3 was down-regulated 
in HCC afflicted tissues, compared with adjacent non-
tumorous tissues. Further, we found that the levels of 
expression of FOXP3 in PVTT were much lower than 
respective levels in HCC afflicted tissues. FOXP3 was 
also abnormally expressed in HCC cell lines. The FOXP3 
promoter was also abnormally expressed in the different 
HCC cell lines. Finally, the FOXP3 promoter was 
hypermethylated in HCC afflicted cell lines. Our novel 
results indicate that the levels of expression of FOXP3 
mRNA and protein in HCC afflicted tissues and cell lines 
were decreased. The FOXP3 gene promoter region thus, 
when hypermethylated, may induce the inhibition of 
FOXP3 expression and HCC development.
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