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Abstract 
Forkhead box P3 (FOXP3), a gene member of the forkhead/winged-helix family of transcription regulators, is 
implicated in regulating immune system development and function. This gene has been found to be of crucial 
importance for the generation of CD4+CD25+ regulatory T cells (Tregs). In addition to its expression in the 
lymphocyte lineage, studies have recently described FOXP3 expression in normal and cancer cells non-
hematopoietic-derived, suggesting that FOXP3 exerts a broader function than that on Tregs. 
A role for FOXP3 as an onco-suppressor gene in human cancers has been suggested based on in vitro studies 
showing that FOXP3 is implicated in repressing various oncogenes and enhancing expression of tumor-
suppressor genes. However, numerous studies in samples from human cancer patients showed a positive 
correlation between FOXP3 expression and poor prognosis, especially with metastasis. 
Further investigations are required to clarify the significance of FOXP3 expression in tumor cells and to identify 
the mechanisms by which it affects prognosis. 

 
Introduction 
Forkhead box P3 (FOXP3) is a member of the 
forkhead/winged-helix family of transcription 
regulators. This gene is involved in immune system 
responses and in the development and function of 
regulatory T cells (Tregs) (Fontenot et al., 2005; 
Sakaguchi et al., 2008). The FOXP3 gene is located 
on the X chromosome at Xp11.23 and it is 
submitted to X chromosome inactivation (Wang et 
al., 2009). This gene is highly conserved across 
mammals (Ziegler, 2006) and contains 11 coding 
exons and 3 non-coding exons (Bennett and Ochs, 
2001). FOXP3 protein contains four potential 
functional domains; repressor, zinc finger, leucine 
zipper and forkhead. Humans express both full-
length protein and three splice variants (Allan et al., 
2005; Kaur et al., 2010; Smith et al., 2006). The 
full-lenght form consists of 431-amino acids with a  
 
 

molecular weight of 47 kDa. The isoform 
∆2FOXP3, lacking exon 2 (aa 71-105), has been 
proposed to act as a dominant negative isoform (Li 
et al., 2007). Another splice variant of FOXP3, 
called ∆7FOXP3, has been identified in both CD4+ 
and CD8+ regulatory T cell clones. ∆7FOXP3 lacks 
the 81 bp region that encodes exon 7. The absence 
of this exon abrogates the suppressive function of 
Tregs (Kaur et al., 2010). Human Tregs can also 
express ∆2∆7FOXP3 isoform that lacks both exon 
2 and exon 7 (aa 245-272) (Mailer et al., 2009). 

FOXP3 expression in regulatory T 
cells 
The nuclear expression of FOXP3 is considered as 
the most specific marker for Tregs and a key 
determinant of their immunosuppressive functions 
(Grimmig et al., 2013). The molecular mechanisms 
of Treg-mediated immunosuppression are still not  
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completely understood. Genome-wide analyses of 
FOXP3+ T cells revealed about 700 genes and 
many microRNAs differentially expressed in 
FOXP3+ Tregs. In these cells FOXP3 has a dual 
role as both transcriptional activator and repressor 
(Sadlon et al., 2010; Zheng et al., 2007). 
Regulatory T cells represent about 5% of 
circulating CD4+ T lymphocytes in the human 
peripheral blood. An increased number of Tregs has 
been observed in the blood, in the tumor mass and 
in the draining lymph nodes of patients with 
different solid tumors (Bergmann et al., 2008; 
Mougiakakos et al., 2010; Petersen et al., 2006; 
Strauss et al., 2007; Whiteside, 2012). The 
increased frequency of tumor-infiltrating Tregs 
have been associated with poor survival in breast 
(Bates et al., 2006), gastric (Sasada et al., 2003), 
ovarian (Sato et al., 2005), lung (Petersen et al., 
2006), hepatocellular (Gao et al., 2007), renal (Li et 
al., 2009), and pancreatic (Hiraoka et al., 2006) 
cancers. 
After migrating to tumor site, Tregs suppress 
antitumor immune response interfering with the 
activation and expansion of tumor-antigens-specific 
effector T cells through different mechanisms not 
fully understood yet (Whiteside, 2008). 
In breast cancer, the percentage of Treg cells 
increases in parallel with the disease stage, from 
normal to ductal carcinoma in situ (DCIS) and from 
DCIS to invasive carcinoma. A high frequency of 
tumor-infiltrating FOXP3+ cells correlates with 
worse disease-free survival and decreased overall 
survival in patients with invasive breast carcinoma, 
suggesting that the presence of Treg cells promotes 
tumour progression by creating an 
immunosuppressive environment (Bates et al., 
2006). 
Tan and colleagues proposed a further explanation 
for the association of Treg cells with an aggressive 
phenotype in advanced breast cancers by 
demonstrating that tumor-infiltrating FOXP3+ 
Tregs are responsible for high RANKL expression 
within the tumor microenvironment, and this 
expression stimulates the metastatic progression of 
RANK-expressing breast carcinoma cells (Tan et 
al., 2011). 
Tregs are also directly involved in promoting 
angiogenesis in the tumor microenvironment 
(Facciabene et al., 2012), therefore Tregs might 
promote cancer growth both through tumor immune 
escape and angiogenesis. 
In addition to their potential role in favoring disease 
progression and relapse, FOXP3+ Tregs have been 
suggested as possible biomarker to monitor the 
therapeutic response. For example, it has been 
observed that the decrease of FOXP3+ tumor-
infiltrating cells is associated with the pathological  
complete response in breast cancer patients  
 

submitted to neoadiuvant chemotherapy (Ladoire et 
al., 2008). 
Contrary to the putative pro-tumorigenic effect, the 
presence of Tregs has been associated with a good 
prognosis in colorectal and head and neck cancers 
(Badoual et al., 2006; Ladoire et al., 2011). 
Although Tregs can potentially promote cancer 
progression, they can also attenuate inflammation. 
Because chronic inflammation is one of the critical 
processes promoting carcinogenesis and tumor 
growth, Tregs are able to down-regulate the pro-
tumorigenic inflammatory responses. It has been 
hypothesized that colorectal cancer growth can be 
promoted by a Th17-cell mediated inflammatory 
response. Human Tregs are able to limit Th17-
related pro-tumorigenic effects through inhibition 
of their activation and function (Crome et al., 
2010). 

FOXP3 expression in malignant 
cells 
FOXP3 expression has been recently described in 
normal cells and in non-hematopoietic-derived 
cancer cells, suggesting that FOXP3 biological 
effects are not restricted to Tregs. FOXP3 
expression has been observed in different cancer 
histotypes (breast, urinary bladder, tongue, gastric, 
esophageal, pancreas, colorectal, stomach, thyroid, 
glioma, non-small cell lung cancers and 
melanoma). Studies performed on samples from 
human cancer patients have produced data showing 
FOXP3 expression restricted only to cancer cells, 
whereas weak or no FOXP3 expression was 
detectable in their respective normal counterpart 
(Ebert et al., 2008; Fu et al., 2013; Hinz et al., 
2007; Wang et al., 2012; Wang et al., 2014; Won et 
al., 2013). 
In contrast, Zuo and colleagues reported a higher 
expression of FOXP3 in normal epithelial breast 
cells than in tumor cells (Zuo et al., 2007b). Similar 
findings have been reported in samples of prostate 
and ovarian cancer, where FOXP3 protein was 
clearly identifiable in normal epithelial samples, 
while the majority of malignant cells resulted 
negative for this protein (Wang et al., 2009; Zhang 
and Sun, 2010). 
To note in most carcinomas, FOXP3 staining was 
localized predominantly in the cytoplasm of tumor 
cells, whereas in the studies by Zuo and Wang only 
nuclear positivity for FOXP3 was scored as a 
positive result (Wang et al., 2009; Zuo et al., 
2007b). 

Tumor suppressive role of 
FOXP3 
In vitro studies demonstrated an important role of 
FOXP3 modulating the expression of various genes  
 
 



FOXP3 expression in tumor cells and its role in cancer 
progression 

Uva V, et al. 

 
 
 
 

Atlas Genet Cytogenet Oncol Haematol. 2015; 19(3) 236 

implicated in cancer development, including tumor 
suppressors and oncogenes. 
For instance, FOXP3 represses the expression of 
HER2 and SKP2 in breast cancer cells (Zuo et al., 
2007a; Zuo et al., 2007b) and an inverse correlation 
between FOXP3 and HER2 mRNA was observed 
in this type of tumor. Similarly, FOXP3 silencing in 
normal mammary epithelial cells (where FOXP3 is 
expressed at higher level compared to tumor tissue) 
determines an increase in HER2 expression (Zuo et 
al., 2007b). FOXP3 can also down-regulate 
BRCA1, interfering with the BRCA1-mediated 
DNA repair processes (Li et al., 2013). 
Moreover, FOXP3 is involved in the transcriptional 
control of tumor-suppressor genes such as p21 and 
LATS2 (Li et al., 2011). In prostate cancer, FOXP3 
is also able to repress the expression of c-Myc 
whose overexpression contributes to a more 
aggressive cancer phenotype (Wang et al., 2009). 
FOXP3 has been demonstrated to play a tumor-
suppressor role also in gastric cancer cells. In these 
cells the up-regulation of FOXP3 expression 
significantly inhibit cell growth and promote 
apoptosis, through the induction of pro-apoptotic 
genes (PARP, caspase-3 and caspase-9), suggesting 
that endogenous FOXP3 might act as a positive 
modulator in apoptotic pathway (Ma et al., 2013). 
Furthermore, in gastric cancer as in other 
malignancies, COX-2 has been shown to play an 
important role in both carcinogenesis and cancer 
progression. By inhibiting NF-κB activity, which is 
a major modulator of COX-2 expression, FOXP3 
inhibits the expression of COX2 and hence cell 
metastasis (Hao et al., 2014). 

FOXP3 expression and prognosis 
in human cancer 
Although FOXP3 has been described as an onco-
suppressor gene, recent evidences point out the 
positive correlation between FOXP3 expression and 
poor prognosis. 
In 2009, Merlo and colleagues demonstrated, for 
the first time, that FOXP3 expression in breast 
carcinoma was inversely associated with patient 
survival and that the risk increased with FOXP3 
staining intensity. FOXP3 was also a strong 
prognostic factor for distant metastasis-free 
survival, but not for local recurrence incidence risk 
(Merlo et al., 2009). These results were confirmed 
by other 2 independent studies (Kim MH et al., 
2013; Nair et al., 2013). 
The frequency of FOXP3 positive cancer cells in 
primary gastric tumors correlated with the 
incidence of lymph node metastases (Yoshii et al., 
2012; Wang et al., 2010) and the 3-year survival 
rate, indicating a potential association of FOXP3 
expression with poor prognosis. In this regard, it 
has been demonstrated that gastric carcinoma cells 
might have a Treg-like activity, which would allow 

them to escape from immune surveillance, thereby 
resulting in cancer progression (Yoshii et al., 2012). 
A correlation between FOXP3 expression and 
lymph node metastases incidence was also reported 
for esophageal squamous carcinoma (Xue et al., 
2010), where FOXP3 mRNA and protein 
expression was not only higher in tumors than in 
normal mucosa, but also higher in advanced stages 
than in early stages. FOXP3 negative patients 
experienced significantly better overall survival 
than the FOXP3-overexpressing group. Cox 
regression analysis showed that tumor stage and 
FOXP3 protein expression were independent 
prognostic risk factors (Wang et al., 2012). 
Two different studies on non-small-cell lung cancer 
patients demonstrated that FOXP3 expression in 
cancer cells positively correlated with both lymph 
node metastases and tumor staging 
(Dimitrakopoulos et al., 2011; Fu et al., 2013). 
FOXP3 expression has been correlated with poor 
prognosis even in colorectal (Kim M et al., 2013), 
tongue (Liang et al., 2011), urinary bladder 
(Winerdal et al., 2011) cancer patients, and glioma 
(Wang et al., 2014) patients. 
Finally, in vitro studies demonstrated that FOXP3 
expression in tumor cells correlates with the 
inhibition of T-cell proliferation, indicating that 
FOXP3-positive cancer cells may acquire growth-
suppressive functions, similar to Tregs, and that 
mimicking Tregs functions may represent a novel 
mechanism of immune evasion (Grimmig et al., 
2013; Hinz et al., 2007). 
All this data highlights the association between 
FOXP3 expression in tumor cells and poor patient 
prognosis. Notably, FOXP3 has not been associated 
with local recurrence but only with a possible role 
in driving metastatic spread. 

FOXP3 localization in cancer 
cells and patient prognosis 
FOXP3 protein is synthesized in the cytoplasm of 
cells and then actively transported to the nucleus. 
As a transcription factor, the nuclear localization is 
required for its transcriptional repression function 
(Lopes et al., 2006). 
FOXP3 is expressed constitutively within the 
nucleus of Tregs and of those normal FOXP3-
expressing epithelial cells (Sakaguchi, 2005). By 
contrast, several studies demonstrated that FOXP3 
cytoplasmic staining was more aboundant, 
compared to nuclear expression, in several types of 
cancer (Hinz et al., 2007; Karanikas et al., 2008; 
Ladoire et al., 2011; Merlo et al., 2009; Tao et al., 
2012; Winerdal et al., 2011). 
The fact that many tumors display cytoplasmic 
staining may be a result of defects in the nuclear 
localization signals of FOXP3, possibly due to 
acquired mutations. Frequent FOXP3 gene 
mutations and deletions, together with post- 
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translational modifications and splicing variations 
may result in cytoplasmic localization of FOXP3 
protein in cancer cells (Wang et al., 2009; Hancock 
and Ozkaynak, 2009). Since the role of FOXP3 is 
transcription regulation, a cytoplasmic FOXP3 
localization could affect its biological role. The 
concept that FOXP3 cytoplasmic localization 
interferes with its onco-suppressive functions has 
been suggested by a recent study (Takenaka et al., 
2013). Nuclear FOXP3 expression has been 
associated significantly with an improved overall 
survival in breast cancer patients, whereas 
cytoplasmic FOXP3 expression in tumor cells was 
significantly associated with poor clinical outcome 
(Takenaka et al., 2013). A predominant cytoplasmic 
FOXP3 localization has also been described in 
melanoma and colorectal cancer, where FOXP3 
expression correlated with poor prognosis (Kim et 
al., 2013; Quaglino et al., 2011). 
In contrast with these findings cytoplasmic FOXP3 
expression was associated with better overall 
survival and disease-free survival in primary 
invasive HER2-overexpressing breast cancer 
patients (Ladoire et al., 2011). 

Conclusions 
Since Treg cells are significant mediators of tumor 
progression, targeting Tregs is under active 
investigation. Many studies have already 
demonstrated that Tregs depletion is a promising 
way to promote antitumor immunity and tumor 
regression (Jarry et al., 2014; Keenan et al., 2014; 
Reginato et al., 2013; Zhou et al., 2013). 
In contrast, despite the increasing knowledge about 
the biology of FOXP3, the prognostic value of its 
expression in human cancer cells remains still 
controversial. The mechanism by which FOXP3 
expression in tumor cells affects prognosis has not 
been fully elucidated yet. However, immune 
evasion, via FOXP3 expression in tumor cells, may 
represent the main strategy for cancer progression. 
Further investigations are needed to clarify the 
significance of FOXP3 expression, its regulatory 
mechanism and its association with prognosis of 
human cancer. Moreover, additional studies should 
be carried out to clarify whether FOXP3 sub-
cellular localization in tumor cells could be 
functionally relevant to the clinical prognosis. 
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