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Abstract. The forkhead transcription factor Foxp3 is essential 
for differentiation and activation of regulatory T cells (Tregs), 
and used to be regarded as specific transcription factor of 
Tregs. In recent years, Foxp3 expression in tumor cells (cancer 
cell-derived Foxp3) has gained great interest, but its function 
and molecular mechanisms remain incompletely understood. 
In the present study, we detected dynamic nuclear transloca-
tion of Foxp3 in TSCC cells using immunofluorescent staining. 
Then we performed a genome-wide analysis of Foxp3 in 
TSCC cells using a combination of ChIP-on-chip and whole-
genome microarray assays. We also compared Foxp3 biding 
sites in TSCC cells with the known binding sites in human 
Tregs to show the differences in transcriptional regulation 
profile. Results indicate that Foxp3 in TSCC cells has distinct 
biological functions compared with that in Tregs. Cancer cell-
derived Foxp3 directly regulates the transcription of genes 
that affect certain internal biological processes of TSCC cells, 
and indirectly influences the extracellular microenvironment. 
This study reveals the relationship between direct and indirect 
targets genes of Foxp3 in TSCC cells and provide molecular 
basis of cancer cell-derived Foxp3 function.

Introduction

Regulatory T cells (Tregs) are key players in maintaining 
immune homeostasis and tolerance. The forkhead transcrip-
tion factor Foxp3 is essential for differentiation and activation 
of Tregs (1), and used to be regarded as specific transcription 

factor of Tregs (2,3). In 2007, Hinz et al (4) first reported that 
pancreatic cancer cells expressed Foxp3. Subsequent studies 
reported that breast cancer cells expressed Foxp3, and that 
Foxp3 positivity was associated with poor prognosis (5). 
However, other studies reported that Foxp3 acts as a tumor 
suppressor in breast cancer and prostate cancer (6-8). Thus, 
the role of Foxp3 expression in cancer cells (referred as ‘cancer 
cell-derived Foxp3’ in this report) remains incompletely 
understood, especially regarding molecular mechanisms.

At the molecular level, FOXP3 binds to multiple tran-
scription factors, such as NFAT, NF-κB, STAT3, AML1/
Runx1 to regulate T cells function (9-12). It also modulates 
gene expression through epigenetic mechanisms, such as 
chromatin remodeling and histone deacetylation (13,14). 
Zheng et al (15) first performed a genome-wide analysis of 
Foxp3 in mouse Tregs and found that Foxp3 acts as both a 
transcriptional activator and repressor in Tregs. Recently, 
Rudra et al (16) reported that Foxp3 binds to 361 proteins in 
Tregs and is involved in the transcriptional regulation of most 
of these proteins. The above demonstrate a complex nature of 
the interaction of Foxp3 with its target genes. However, less 
is known about the role of Foxp3 in the transcriptional regu-
lation in cancer cells. In particular, it is unknown whether 
Foxp3 regulates transcription in cancer cells as it does in 
Tregs.

Our previous study revealed the expression of Foxp3 in 
tongue squamous cell carcinoma (TSCC) cells, and showed 
that the expression of cancer cell-derived Foxp3 was positively 
associated with the pathologic differentiation and T stage, and 
inversely associated with overall survival of TSCC patients 
(17). To achieve further knowledge on these influences, and 
how cancer cell-derived Foxp3 can regulate TSCC, the present 
study was performed, using genome-wide analysis of Foxp3 
target genes in TSCC cells with a combination of chromatin 
immunoprecipitation array profiling (ChIP-on-chip assay) 
and expression profiling (whole-genome microarray assay). 
We also compared Foxp3 biding sites in TSCC cells with the 
known binding sites in human Tregs to show the differences in 
transcriptional regulation profile. This study revealed the rela-
tionship between direct and indirect targets genes of Foxp3 in 
TSCC cells and provide molecular basis of cancer cell-derived 
Foxp3 function.
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Materials and methods

Cell cultures. Three human TSCC cell lines (CAL 27, SCC-9, 
and SCC-5) were purchased from American Type Culture 
Collection (ATCC). CAL 27 cells were maintained in DMEM 
(Gibco, Grand Island, NY, USA) that contained 10% fetal 
bovine serum (FBS) (Gibco). SCC-9 cells and SCC-5 cells 
were maintained in DMEM/F-12 (Gibco) that contained 
10% FBS.

Cytoimmunofluorescence staining. CAL 27, SCC-9, and SCC-5 
cells were seeded into 48-well plates for routine culturing. 
After washing in PBS, cells were fixed in 4% formaldehyde 
for 20 min at room temperature, treated with 1% Triton, and 
then blocked in 5% bovine serum albumin (BSA) at room 
temperature for 50 min. The cells were then incubated with 
goat anti-human Foxp3 antibody (10 µg/ml, R&D Systems, 
Minneapolis, MN, USA) at 4˚C overnight and Northern 
Lights anti-goat IgG-NL557 (1:200, R&D Systems) at room 
temperature in the dark for 1 h. After nuclear staining with 
5 µg/ml DAPI for 1 min, cells were observed under an inverted 
microscope (Axio observer Z1, Zeiss). Negative control was 
performed by replacing the primary antibody with PBS.

ChIP-on-chip and bioinformatics analysis. SCC-9 cells 
were seeded into 6-well plates and cultured for 48 h. After 
washing in PBS twice, 2 ml of fresh medium and 54 µl of 
37% formaldehyde were added to each well, followed by 
incubation at room temperature for 10 min. Then, 200 µl of 
glycine was added, followed by incubation for 5 min at room 
temperature. The medium was removed and cells were washed 
twice with pre-chilled 5 mM EDTA. Then, 200 ml of PBS 
with 1% PMSF was added to each well, and the cells were 
harvested. The ChIP-on-chip assay (Shanghai Kangcheng 
Biotech Co., Ltd., Shanghai, China) was performed with goat 
polyclonal antibody against FOXP3-ChIP Grade (Abcam, 
Hong Kong, China) and NimbleGen HG18 3x720K RefSeq 
promoter microarray (Roche, Mannheim, Germany). Gene 
ontology (GO) and pathway analysis were performed with the 
cooperation with Shanghai Kangcheng Biotech Co., Ltd. The 
binding sites of FOXP3 in the genome of human Tregs were 
obtained from the ChIP-on-chip results of Sadlon et al (18).

Gene silencing with siRNA. SCC-9 cells were routinely 
cultured. When the confluence reached 30-50% (24 h), cells 
were harvested and treated with 50 nM siRNA (Guangzhou 
RiboBio Co., Ltd., Guangzhou, China) and an equal amount 
of Lipofectamine 2000 (Invitrogen, Carlsbad, CA, USA), 
followed by incubation for 5 h. At 24 and 48 h after trans-
fection, total RNA and protein were extracted for real-time 
PCR and western blot assays to assess the effect of Foxp3 on 
interference. The siRNA sequences were described earlier 
(4,17).

Western blot assays. As described in our earlier study (17), cells 
were harvested in RIPA buffer (Beyotime, Shanghai, China), 
and protein concentration was determined by Bradford assay 
(Bio-Rad Laboratories, Shanghai, China). Equal amounts 
of total protein were subjected to 10% SDS-PAGE and then 
transferred onto PVDF membranes (Millipore, Billerica, MA, 

USA). The membrane was blocked in Tris-buffered saline 
(TBST) containing 5% BSA for 2 h at room temperature, and 
then incubated with 1.0 µg/ml anti-human Foxp3 antibody 
(R&D Systems) at 4˚C overnight. After washing in TBST, the 
membrane was incubated in horseradish peroxidase-conju-
gated anti-goat IgG (1:10,000; Santa Cruz Biotechnology, Inc. 
(Santa Cruz, CA, USA) for 1 h. Each sample was probed with 
an anti-GAPDH antibody (1:1,000; Santa Cruz) as a loading 
control.

RNA extraction, reverse transcription and real-time PCR. 
Total RNA was extracted with the High Pure RNA Isolation 
kit (Roche) according to the manufacturer's instructions. RNA 
(1 µg of each sample) was then used for reverse transcription 
into cDNA with the Transcriptor First Strand cDNA Synthesis 
kit (Roche) according to the manufacturer's instructions. 
The mRNA expression of Foxp3 was examined by real-time 
PCR using Light-Cycler 480 SYBR Green I Master (Roche, 
Mannheim, Germany) and the thermal cycling conditions 
and primers were the same as described in our earlier study 
or selected from PrimerBank (17,19). PCRs were conducted 
in triplicate for each sample. GAPDH was used as internal 
reference and the 2-∆∆Ct method was used to determine gene 
expression.

Human genome-wide expression profiling. After silencing 
with siRNA for 48 h, RNA in SCC-9 cells was extracted, and 
the Human Genome U133 plus 2.0 array (Affymetrix, USA) 
was used for the whole genome array assay. Microarray hybrid-
ization was carried out at CapitalBio Corp. (Beijing, China). 
Cluster analysis was performed with Cluster 3.0 software. 
Data analysis was performed using Significance Analysis of 
Microarray software (SAM 3.0, Stanford University, USA; 
http://www-stat.stanford.edu).

Statistical analysis. Statistical analysis was carried out using 
SPSS  17.0 statistical software package. Quantitative data 
analysis employed Student's t-test to compare two groups and 
one-way analysis of variance (ANOVA) to compare multiple 
groups. A P-value <0.05 was considered statistically signifi-
cant.

Results

Translocation of Foxp3 into nuclei of TSCC cells. Nuclear 
translocation is essential for transcription factor function, so 
at first we used immunofluorescent staining to make clear the 
subcellular distribution of Foxp3 in TSCC cells. After culture 
of SCC-9 cells for 24 h, the immunofluorescence showed that 
Foxp3 was present throughout the cells, with the greatest 
concentration at the nuclear membrane, which appears as 
a round fluorescent body (Fig. 1A). This expression pattern 
could also be observed in SCC-15 and CAL 27 cells (Fig. 2). 
After 48 h, Foxp3 was mainly expressed within the nucleus, 
and the round body shape of fluorescent staining at the nuclear 
membrane disappeared (Fig. 1B), indicating that Foxp3 was 
transported into nucleus gradually.

Next, SCC-9 cells were cultured in DMEM-F12 that 
contained 0, 5 and 10% FBS for 24 h and then underwent 
Foxp3 immunofluorescent staining. It can be observed 
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that cells in the 0% FBS group had a poor growth, and some 
cells became round and suspended. However, there was Foxp3 
expression in the nuclei of cells in all three groups (Fig. 3). 

This culture assay shows that stimulation from other cell 
types are not needed in the nucleus translocation of Foxp3 in 
TSCC cells.

Figure 1. Subcellular translocation of Foxp3 in SCC-9 cells detected by immunofluorescence staining (x400). (A1 and B1) Foxp3 staining; (A2 and B2) Foxp3 
staining merged with DAPI staining. When SCC-9 cells were cultured for 24 h, Foxp3 distributed in the whole cell parts, with the greatest concentration at 
the nuclear membrane, which appeared as a round fluorescent body (A). When SCC-9 were cultured for 48 h, Foxp3 concentrated in nucleus, and the round 
fluorescent body disappeared, which showed a dynamic nuclear translocation (B).

Figure 2. Subcellular distribution of Foxp3 in CAL27 and SCC-15 cells detected by immunofluorescence staining (x400). (A1 and B1) Foxp3 staining; 
(A2 and B2) Foxp3 staining merged with DAPI staining. When CAL27 cells (A) and SCC-15 cells (B) were cultured for 24 h, Foxp3 expressed in the whole 
cell parts, with the greatest concentration at the nuclear membrane.
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Foxp3 binding sites and functional annotation in the genome 
of TSCC cells. The ChIP-on-chip assay identified 4140 binding 
sites of Foxp3 in the genome of SCC-9 cells [false discovery 
rate (FDR) <0.05]; after accounting for identical genes, there 
were 3573 Foxp3-binding genes. Among all genes with FDR 
values <0.005, there were 25 transcriptional factors: POU3F1, 
HEY1, TEAD1, POU4F2, VEZF1, KCNIP4, KLF12, E2F1, 
REST, FOXO4, NR4A1, HOXB8, POU2F1, HOXD9, HIC1, 
ZBTB16, TCF7, KLF11, IGFBP7, NFIC, PKNOX1, TWIST1, 
ING1, MEF2A and LITAF.

To reveal general functional features of the molecular 
program implemented by Foxp3 in TSCC cell, we conducted 
GO analysis of Foxp3-binding genes. Results showed that the 
proteins encoded by Foxp3-binding genes mainly located in 
intracellular parts of TSCC cells (top 10 GO terms - cellular 
component, Fig. 4A), functioned in transcriptional regulation 
and biological macromolecules biding (top 10 GO terms - 
molecular function, Fig. 4B). Biological analysis showed that 
the proteins encoded by Foxp3-binding genes were involved 
in many general regulations (top 10 GO terms - biological 
process, Fig. 4C), and in the top 324 GO terms with P-values 
<0.001, 131 terms (40.43%) were associated with transcrip-
tional regulation, both upregulation and downregulation. 
Analysis of our data with the KEGG database indicated that 
9 of the top 10 pathways were associated with cancer (Figs. 4D 
and 5).

Figure 3. SCC-9 cells cultured for 24 h in DMEM-F12 medium with 0, 5 and 
10% FBS, respectively. Phase contrast images merged with Foxp3 immuno-
fluorescence staining. Cells in 0% FBS displayed a worse growth, and some 
cells became round and suspended (A1, red arrows). Cells in 5 and 10% FBS 
displayed similar normal growth (B and C). Cells in each group had Foxp3 
nuclear distribution (A-C).

Figure 4. GO analyses of Foxp3-biding genes in human TSCC cell genome. The top 10 significant GO terms and their enrichment scores was displayed. Cell 
component analysis showed that the proteins encoded by Foxp3-binding genes mainly located in intracellular parts of TSCC cells (A). Molecular function 
analysis showed that the proteins encoded by Foxp3-binding genes mainly functioned in transcriptional regulation and biological macromolecule biding (B). 
Biological analysis showed that the proteins encoded by Foxp3-binding genes were involved in many general regulations (C). Pathway analysis in KEGG 
database indicated that 9 of the top 10 pathways were associated with cancer (D).
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Comparison of Foxp3-binding genes in human TSCC 
cells and Tregs. We compared the Foxp3-binding genes in 
human TSCC cells with the known Foxp3 binding sites in 
human Tregs (18). Previous ChIP-on-chip data showed that 
5,579 genes were bound by Foxp3 in Tregs (18). Comparison 
results showed that 478 Foxp3-binding genes in our ChIP-on-
chip data set were also Foxp3-binding genes in human Tregs. 
This overlap   corresponds to 12.28% of the Foxp3-binding 
genes in human TSCC cells and 8.75% of the Foxp3-binding 
genes in Tregs (Fig. 6).

GO analysis of these 478 overlapped genes showed 
similar results with the Foxp3-binding genes in human TSCC 
cells. The encoded proteins were mainly localized on the cell 
membrane and in the intracellular parts, and functioned in 
the regulation of transcription and binding to nucleic acids or 
proteins, including NF-κB (P=4.22x10-8), but rarely involved 
in T cell-specific biological processes.

Previous analysis indicated that Foxp3-binding genes 
in Tregs take part in 86 pathways, most of which are asso-
ciated with the differentiation, activation, and death of 
T cells under normal and pathological conditions. However, 
pathway analysis of overlapped genes also showed similar 
results with the Foxp3-binding genes in human TSCC cells, 
and 7 of the top 10 pathways were involved in cancer-related 
pathways.

Effect of Foxp3 on gene expression in human TSCC cells. 
Next, we used siRNA to downregulate Foxp3 expression in 
TSCC cells. In these experiments, SCC-9 cells were trans-
fected with Foxp3 siRNA (Foxp3-si group), control-siRNA 
(control-si group), or Lipofectamine 2000 (lipo-control 
group). At 48 h after transfection of SCC-9 cells, Foxp3 
expression was downregulated by 85% in the Foxp3-si group 
relative to the control-si group (P=0.001). There was no 

Figure 5. Foxp3-biding genes in ‘pathway in cancer’. Pathway in cancer is the top 1 pathway in pathway analysis of Foxp3-binding genes in TSCC cells. 
Positions in red are Foxp3-biding genes. Cancer cell-derived Foxp3 strongly participate in the regulation network of cancer.

Figure 6. Overlap between Foxp3-binding genes in human TSCC cells 
and Tregs. The numbers present binding genes common (center) and unique 
to each cell type (outer). This overlap corresponds to 12.28% of the Foxp3-
binding genes in human TSCC cells and 8.75% of the Foxp3-binding genes 
in Tregs.
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marked difference between control-si and lipo-control groups 
(Fig. 7).

Then human whole-genome microarray assay showed 
that there was no significant difference in the gene expression 
profiles of the control-si group and the lipo-control group, and 
that the Foxp3-si group was significantly different from the 
other two groups (Fig. 8A). When the cut-off ratio was set at 
2-fold change in expression, 30 genes were upregulated and 
36 genes were downregulated in the Foxp3-si group. When 
the cut-off ratio was set at 1.5-fold change in expression, 
269 genes were upregulated and 330 genes were downregu-
lated in the Foxp3-si group. Real-time PCR of 10 randomly 
selected different-expressed genes was performed to validate 
the microarray results, as shown in Fig. 8B.

We further performed bioinformatics analysis on these 
differently expressed genes. Cellular component analysis 
showed that the proteins encoded by differently expressed 
genes were mainly distributed in the extracellular parts and the 
cell membrane (Fig. 9A). Molecular function analysis showed 
that they were closely related to the cytokine network in that 
they influenced chemokine activity, growth factor activity, and 
cytokine activity (Fig. 9B). Analysis of the biological processes 
showed that the top 10 terms were mainly associated with 
the regulation of the microenvironment and immunity, such 
as inflammatory responses, chemotaxis, immune responses, 
cell-cell signaling, angiogenesis, and neutrophil chemotaxis 
(Fig. 9C).

Pathway analysis also showed that the proteins encoded 
by differently expressed genes mainly took part in pathways 
associated with cytokines and inflammatory reactions, 
such as cytokine-cytokine receptor interactions, adhesion 

and diapedesis of lymphocytes, adhesion and diapedesis of 
granulocytes, molecules involved in local acute inflammatory 
responses, cytokines and cytokine networks, and inflamma-
tory responses.

Direct regulation of gene transcription by Foxp3 in TSCC 
cells. The ChIP-on-chip and human genome-wide expression 
profiling assay showed significant difference between the 
differently expressed genes (after downregulation of Foxp3 
expression) and Foxp3-binding genes in TSCC cells. Thus, 
we tried to reveal the correlation between the data set of 
ChIP-on-chip and profiling assay to identify genes that are 
directly regulated by Foxp3. After cross-referencing the data 
set of Foxp3-binding genes and differently expressed genes, 
results show that 152 genes (associated genes) were identical 
in the ChIP-on-chip and expression profiling, with 85 genes 
being upregulated and 67 genes being downregulated. These 
associated genes accounted for 4.25% (152/3573) of the 
Foxp3-binding genes (Fig. 9D) and 25.38% (152/599) of the 
differently expressed genes (Fig. 9E).

When these associated genes were further analyzed, 
results showed that the top GO term in cell component was 
the nucleus. Molecular functions focused on nucleic acid and 
protein biding, and had little association with the regulation of 
cytokines. Analysis of biological processes showed that these 

Figure 8. Human genome expression arrays of TSCC cells after Foxp3 RNAi. 
Cluster analysis showed that comparing to control-si group and lipo-control 
group, many genes were differently expressed in Foxp3-si group (A). Real-
time PCR of 10 randomly selected differently expressed genes validated the 
microarray results (B).

Figure 7. Downregulation of Foxp3 expression in SCC-9 cells using siRNA. 
Real-time PCR showed Foxp3 mRNA decreased 95%. Western blotting 
showed Foxp3 protein expression decreased 85.8%.
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genes were similar to Foxp3-binding genes in TSCC cells, 
and that they are extensively involved in different biological 
processes. Notably, these genes were not specific for the 
regulation of cytokines, immune responses, inflammatory 
reactions, and the cellular microenvironment.

Pathway analysis by use of the KEGG database showed 
that pathways with P-values <0.001 included adherens junction 
(P=4.88x10-4), ECM-receptor interaction (P=5.83x10-4), small 
cell lung cancer (P=6.25x10-4), focal adhesion (P=6.77x10-4), 
and nitrogen metabolism (P=9.80x10-4). These results are also 
similar to those of FOXP3-binding genes in TSCC cells.

Discussion

In the present study, we performed a genome-wide analysis 
of Foxp3 target genes in TSCC cells using a combination of 
ChIP-on-chip and whole-genome microarray assays. We iden-
tified direct and indirect target genes of cancer cell-derived 
Foxp3 for the first time. Our data suggest that cancer cell-
derived Foxp3 directly regulates the transcription of genes that 
affect certain internal biological processes of TSCC cells, and 
indirectly influences the extracellular inflammatory micro-
environment.

Foxp3 in Tregs is a well-known inducible transcriptional 
factor. In Tregs, Foxp3 mainly localize in the cytoplasm or 
adjacent to the nucleus when cells are unstimulated. Upon 
stimulation with the anti-CD3 or anti-CD28 antibody, Foxp3 
undergoes T cell receptor (TCR)-mediated post-transcrip-
tional modification, and within 1 h is translocated into the 
nucleus (13). However, additional factors may also be needed 
in Foxp3 translocation after TCR stimulation (20). Moreover, 
TCR is a specific receptor on the surface of T cells rather than 
other cell types. Therefore, it is necessary and still difficult 
to elucidate the mechanism of Foxp3 translocation in tumor 
cells. Our results showed that Foxp3 expressed in TSCC 
cells can enter the nucleus, even in the absence of serum. 
This suggests that cancer cell-derived Foxp3 entry into the 
nucleus is independent of exogenous stimuli. We speculate 
that non-microenvironment dependent signal peptide may 
exist in cancer cell-derived Foxp3, and that factors expressed 
by TSCC cells themselves may promote Foxp3 translocation 
into the nucleus, even that TSCC cells can secret factors into 
microenvironment to induce Foxp3 translocation in Tregs, 
which can be an exquisite ‘cross-talk’ between tumor cells and 
lymphocytes. Elucidation of the specific mechanism requires 
further investigation.

Figure 9. Analyses of differently expressed (DE) genes in human TSCC cell genome after Foxp3 RNAi. (A-C) The top 10 significant GO terms and their enrich-
ment scores. Cell component analysis showed that the proteins encoded by DE genes were mainly distributed in the extracellular parts and the cell membrane (A). 
Molecular function analysis showed that besides some biological macromolecules biding functions, the proteins encoded by DE genes were closely related to 
the cytokine network in that they influenced chemokine activity, growth factor activity and cytokine activity (B). Biological analysis showed that the proteins 
encoded by DE genes were mainly associated with the regulation of the microenvironment and immunity, such as inflammatory responses, chemotaxis, immune 
responses, cell-cell signaling, angiogenesis and neutrophil chemotaxis (C). Cross-referencing the data set of Foxp3-binding genes and DE genes showed that 
152 genes (associated genes) were identical in the ChIP-on-chip and expression profiling, with 85 genes being upregulated and 67 genes being downregulated. 
These associated genes accounted for 4.25% (152/3573) of the Foxp3-binding genes (D) and 25.38% (152/599) of the differently expressed genes (E).
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The capability of nucleus translocation of Foxp3 in these 
cell lines created basic conditions for genome study. We 
initially speculated that cancer cell-derived Foxp3 may directly 
regulate the transcription of some extracellular factors, such 
as cytokines and chemokines, similarly to Foxp3 in Tregs. 
However, when we used the ChIP-on-chip assay to identify 
Foxp3 binding sites in the genome of TSCC cells, bioinformatic 
analysis indicated that proteins encoded by these genes are 
mainly localized within TSCC cells, and many of these genes 
are involved in cancer related biological processes. In partic-
ular, analysis of molecular function showed that these proteins 
may bind to multiple proteins, including other transcriptional 
factors, and this may lead to co-regulation of related genes or 
alter the levels of free transcriptional factors and thereby affect 
transcription. Therefore, cancer cell-derived Foxp3 appears to 
regulate gene transcription through multiple patterns, such as 
direct regulation, regulation of other transcriptional factors, 
and regulation of proteins that bind to other transcriptional 
factors. In the study of Tregs, Rudra et al (16) also showed 
that, Foxp3 directly binds to genes and regulates the expres-
sion of proteins that bind to and regulate Foxp3 itself. This is 
the first report presenting the DNA binding profile of cancer 
cell-derived Foxp3. Pathway analysis further showed that the 
proteins encoded by Foxp3-binding genes are associated with 
cancer-related pathways.

Sadlon et al (18) performed ChIP-on-chip studies of Foxp3 
in human Tregs in 2010 and the genes they identified were 
distributed in 86 pathways, most of which were associated 
with the functions and life activities of T cells. In this study, 
11 of the pathways that we identified in TSCC cells were also 
present in Treg cells; four pathways with high enrichment were 
closely related to cancer. We also compared the Foxp3-binding 
genes in TSCC cells with those in Treg cells. The results 
showed that only 478 genes (13.38% of Foxp3-binding genes 
in TSCC cells) were in both TSCC cells and Tregs. These find-
ings suggest that there are significant differences in the genes 
regulated by Foxp3 in Tregs and TSCC cells, and that cancer 
cell-derived Foxp3 has distinct biological functions.

We performed genome-wide expression profiling in TSCC 
cells after downregulation of Foxp3 by RNAi. The results 
confirmed that cancer cell-derived Foxp3 affected gene expres-
sion in TSCC cells. Analysis showed that the proteins encoded 
by these differently expressed genes were mainly distributed 
in the extracellular domain and cell membrane, and func-
tioned to influence the extracellular microenvironment and 
inflammation, such as components of the extracellular matrix, 
intercellular signal transduction, activities of chemokines, 
growth factors and cytokines (including IL-8 signaling, down-
regulation of IFN-γ and upregulation of IL-6). As cytokine 
network in tumor microenvironment affect Tregs proliferation 
and function (21,22), this part of findings are consistent with 
the hypothesis that cancer cell-derived Foxp3 regulates the 
microenvironment through its association with Tregs, thereby 
influencing the tumor immune response. Still, this hypothesis 
requires confirmation by further studies.

Notably, the proteins encoded by Foxp3-binding genes 
were mainly localized within TSCC cells. Therefore, the 
differently expressed genes and Foxp3-binding genes were 
significantly different in profile (only 25.38% overlap), protein 
distribution and function, which indicated that genes eventu-

ally influenced by cancer cell-derived Foxp3 are significantly 
different from those directly regulated by cancer cell-derived 
Foxp3. This suggests that cancer cell-derived Foxp3 indirectly 
affect the inflammatory microenvironment of TSCC.

However, the 25.38% overlap (associated genes) indicated 
that cancer cell-derived Foxp3 could also directly regulate 
gene transcription in TSCC cells. The results of bioinformatic 
analysis associated genes are similar to those of Foxp3-binding 
genes in TSCC cells and are widely involved in a variety of 
cellular processes, rather than the regulation of microenviron-
ment and inflammation. These findings indicate that cancer 
cell-derived Foxp3 may directly regulate gene transcription 
and influence a fraction of biological processes in TSCC cells, 
and indirectly regulate gene transcription to affect the extra-
cellular inflammatory microenvironment. Further studies such 
as dual-luciferase reporter gene assay and microenvironment 
co-cultured model could be used to confirm the mechanism of 
regulating specific genes by cancer cell-derived Foxp3.

In conclusion, we have, for the first time, identified direct 
and indirect target genes of cancer cell-derived Foxp3 in 
TSCC cells. Cancer cell-derived Foxp3 directly regulate the 
transcription of genes that affect certain internal biological 
processes of TSCC cells, and indirectly influence the extracel-
lular microenvironment.
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