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Abstract
The objective of this study was to observe the distribution of regulatory T cells (Tregs) in
the development of tongue squamous cell carcinoma (SCC) and to determine the role of
Tregs in the progression of tongue SCC. A mouse model of 4-nitroquinoline-1-oxide
(4NQO)-induced-tongue SCC was established. The expression of Forkhead box P3
(Foxp3), interleukin 10 (IL-10), transforming growth factor β (TGF-β), chemokine CC
motif ligands (CCL) 17, 20 and CC chemokine receptor (CCR) 4 was determined using
real-time quantitative polymerase chain reaction (RT-PCR). Foxp3 expression was also
analyzed using immunohistochemistry. The results were compared with those of control
mice and of 4NQO-treated mice treated with a Cyclooxygenase-2 (COX-2) inhibitor. Well
to moderately differentiated tongue SCC was induced in all of the experimental mice. The
amount of Tregs of the experimental mice was over 10 times as much as control mice at
the early stage of tumor progression. COX-2 inhibitor did not prevent the progression of
tongue SCC and did not reduce the total amount of Tregs. Tregs function at the early stage
of the development of tongue SCC and it may be effective to suppress Tregs at the early
stage of tumor progression for the treatment and/or prevention of tongue SCC.
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Precis: In the progression of tongue squamous cell carcinoma (SCC), regulatory T cells
(Tregs) function at its early developmental stage. It may be effective to suppress Tregs at
the early stage of tumor progression for the treatment of tongue SCC.

Abbreviations
4NQO

4-nitroquinoline-1-oxide

CCL

chemokine CC motif ligand

CCR

CC chemokine receptor

CI

confidence interval(s)

PG

prostaglandin

PGE2

prostaglandin E2

RT-PCR

real-time quantitative polymerase chain reaction

SCC

squamous cell carcinoma

Th3

T helper 3

Tr1(17)

type 1(17) T regulatory

Tregs

regulatory T cells
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Introduction
Regulatory T cells (Tregs) engage in the maintenance of immunological self-tolerance by
actively suppressing self-reactive lymphocytes. These include thymus-derived naturally
occuring Tregs as well as secondary suppressor T cells including type 1 T regulatory (Tr1)
cells [1] and T helper 3 (Th3) cells [2] induced in periphery on encoutering antigen.
Possession of a potent suppressive activity is the common feature for different subsets of
Tregs and they inhibit other immune cell functions either directly through cell-cell contact
or indirectly through secretion of anti-inflammatory mediators such as interleukin 10 (IL10) and transforming growth factor β (TGF-β) [3]. These autoimmunity and the
mechanisms for maintaining immunological self-tolerance may hinder effective tumor
immunity, and blockade of the effects of IL-10 and TGF-β partially reverses the Treg
function and enhances antitumor immunity [4, 5].
In various kinds of cancer, accumulation of Tregs in the tumor site is associated
with a reduction in patients’ survival [6-9]. However, the role of Tregs that have infiltrated
into the microenvironment of head and neck cancer, and their influence on patient
prognosis remains unclear. Some previous studies of head and neck squamous cell
carcinoma (SCC) have reported that levels of tumor-infiltrating Tregs correlated
positively with better prognosis [10-12], although the results of those studies are counter-
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intuitive. Albers et al. and Strauss et al. [13, 14] demonstrated that the presence of Tregs
at the tumor site may be detrimental to the host defense against head and neck SCC. We
have also previously reported that high levels of Treg infiltration into tumor nests were
observed in cases of tongue SCC with poor prognosis [15]. The role of Tregs may even
differ according to the clinical stage of the tumor [11]. In order to deepen our
understanding of the role of Tregs in the development of tongue SCC, it is necessary to
longitudinally observe the pattern of Treg infiltration into the tumor environment during
tumor progression.
The molecule 4-nitroquinoline-1-oxide (4NQO) forms DNA adducts, causes
substitution of adenosine for guanosine, and induces intracellular oxidative stress
resulting in mutations and DNA strand breaks. All of these effects are similar to the
genetic alterations induced by tobacco carcinogens, and therefore 4NQO serves as a
surrogate for tobacco exposure [16]. 4NQO induces carcinoma in the oral cavity and
esophagus but not in the remainder of the digestive tract or in the lung or liver, and this
4NQO-induced carcinogenesis model simulates many aspects of human oral cavity
carcinogenesis [17]. In the present study, in order to observe Tregs and concomitant
cytokine or chemokine expression profiles in the progression of tongue SCC, a mouse
model of 4NQO-induced-tongue SCC was established.
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Cyclooxygenase (COX), an enzyme that catalyzes the synthesis of
prostaglandins (PGs) which are prominent inflammatory mediators, plays an important
role in inflammation [18]. To date, 2 isoforms of the enzyme have been characterized:
COX-1 and COX-2. COX-1, which is stable and is present in most tissues, is believed to
serve a housekeeping function, and COX-2 has been implicated as an important
proinflammatory mediator [19]. Within the tumor microenvironment, increased synthesis
of prostaglandin E2 (PGE2) induced by COX-2 expression enhances Treg differentiation
by inducing the expression of Forkhead box P3 (Foxp3) in naïve CD4+ cells [20, 21]. As
a result, COX-2 expression is correlated with tumor-infiltrating Tregs, and is associated
with poor prognosis of head and neck cancer [22]. The suppression of the effector T-cell
response that is induced by Tregs can be reversed by COX-2 inhibition and PGE2
receptor-specific antagonists [23].
In the animal model of tongue SCC in this study, we longitudinally observed the
pattern of Treg infiltration into the tumor environment and simultaneously investigated
whether inhibition of COX-2 activity could suppress the progression of tongue SCC
and/or affect Treg infiltration into the tumor lesion. Foxp3 is predominantly expressed in
Treg population arising in the thymus and periphery. The Foxp3 protein is responsible for
the regulation of Treg function and development, and is considered as the best marker for
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detection of Tregs [24, 25]. Thus we used Foxp3 as the marker for Tregs in the present
study. Since viable Tregs cannot be isolated based on their expression of this transcription
factor, at the same time, we also observed the amounts of chemokines chemokine CC
motif ligands (CCLs) 17, 20 and CC chemokine receptor (CCR) 4 which are associated
with Treg-migration [26] in the progressing tongue tumor.
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Materials and methods
Animals and experimental protocol
Ninety 6-week-old C57BL/6 male mice weighing between 18 and 22 g were obtained
from Clea Japan, Inc, Tokyo, Japan and handled according to the Okayama University
Medical School Guidelines for Care and Use of Laboratory Animals. Taking accidental
deaths of mice as well as technical errors of experimental manipulation into consideration,
ultimately, data were randomly collected from 80 of these mice. This research was
approved by the Animal Experiment Control Committee of the Okayama University
Graduate School of Medicine and Dentistry (OKU-2013267). Experimental mice (n=60)
received 4NQO (Sigma Aldrich, St Louis, MO, USA) at a concentration of 200 µg/ml in
their drinking water for a maximum of 20 weeks, and were subsequently provided with
pure drinking water alone [16, 27]. Control mice (n=20) received pure drinking water and
drug-free chow. The water was replaced once a week, and all the mice were allowed
access to the drinking water and chow diet (Oriental Yeast Co., Tokyo, Japan) at all times
during the treatment. The 60 experimental mice were treated with either drug-free chow
(n=20) or celecoxib (selective COX-2 inhibitor)-mixed chow (n=40) (prepared by
Oriental Yeast Co., Tokyo, Japan). Of the 40 mice given the celecoxib-mixed chow, the
amount of celecoxib added was determined as follows. It was estimated that the total
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amount of chow eaten by a mouse per day was 3-5 g. Celecoxib was therefore added to
chow at a dose of 62.5 µg/g chow (almost the same as the standard human dose, n=20) or
of 187.5 µg/g chow (about 3 times more than the standard human dose, n=20). The results
of our pilot studies and of other previous studies have shown that, in the mice treated with
4NQO, moderate to severe dysplasia of the tongue is observed from around week 15;
severe dysplasia and SCC are found from around week 20; 100% of the animals have
SCC at around week 25; and some mice start to die from around week 32 [28]. For ethical
considerations, all of the mice were sacrificed under deep diethyl-ether anesthesia by 30
weeks (mice were sacrificed at 15, 20, 25, and 30 weeks in each group; n=5 per time
point; total n=20 from each group).
Macroscopical observation and tissue preparation
Five mice from each of the 4 groups (control, +4NQO-only, +4NQO+standard dose of
COX-2 inhibitor, +4NQO+3 times the standard dose of COX-2 inhibitor) were sacrificed
every 5 weeks from week 15 to week 30. The whole tongue tissues were removed,
macroscopic pictures were taken, and the tongues were cut lengthwise into halves. One
half was stored at -80 °C for real-time quantitative polymerase chain reaction (RT-PCR)
analysis, and the other half was fixed in 10% buffered formalin and embedded in paraffin
for histopathological examination.
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Histopathological examination of tumor progression
Serial sections (3 µm thick) were cut from each paraffin-embedded tissue block, and
several sections were stained with hematoxylin and eosin for diagnosis of tumor
progression. Histopathological diagnosis was independently performed by more than two
experienced pathologists.
RT- PCR
Fresh frozen tongue tissues were mashed using the Power Masher II (Nippi, Tokyo,
Japan) and total RNA was extracted using the High Pure RNA Tissue Kit (Roche
Diagnostics GmbH, Mannheim, Germany) or the miRNeasy Mini Kit (QIAGEN,
Valencia, CA, USA). cDNA was prepared using a SuperScript VILO MasterMix kit
(Invitrogen, Carlsbad, CA, USA). Multiplex RT-PCR was performed for quantitative
analysis, according to a standard protcol, using TaqMan Gene Expression Assays
(Applied Biosystems, Foster City, CA, USA), a Step One Plus RT-PCR System (Applied
Biosystems), and specific primers and probes for Foxp3 (Ms00475162_m1), IL-10
(Hs00961622_m1), TGF-β (Hs00998133_m1), CCL17 (Mm01244826_g1), CCL20
(Mm01268754_m1), CCR4 (Mm01963217_u1), and β-actin (Hs99999903_m1) (Applied
Biosystems). The PCR cycling conditions were as follows: 20 s at 95 °C, 50 cycles of 1 s
at 95 °C, and 20 s at 60 °C. The expression of each target was normalized to that of β-
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actin, which was used as an endogenous control.
Immunohistochemical staining of CD8 and Foxp3
The sections of each group were immunohistochemically stained with mouse monoclonal
anti-CD8 antibody (1:200 413211; Nichirei, Tokyo, Japan) and rabbit polyclonal antiFoxp3 antibody (1:300 ab54501; Abcam, Cambridge, UK) using an automated Bond Max
stainer (Leica Biosystems, Melbourne, Australia). Some representative sections wich
were almost the same slices as those stained by Foxp3 of each group were simultaneously
stained with CD4 (1:1000 ab183685; Abcam, Cambridge, UK). Bond polymer refine
detection kit DS 9800 (Leica Biosystems, Newcastle, UK) contains a peroxidase block,
post primary, polymer reagent and 3’3-diaminobenzidine hydrochloric acid chromogen.
A main slice of the tumor was selected from each of the 4 mouse groups (control, +4NQO
only, +4NQO and standard dose of COX-2inhibitor, and +4NQO and 3 tmies as much as
standard dose of COX-2 inhibitor) and the number of immunoreactive cells in a ×200
microscopic field (0.933 mm2) was then counted. Five areas showing the most abundant
distribution were selected, and the mean number of CD8+ and Foxp3+ cells was
calculated for each case respectively. Counting of immunoreactive cells was performed
by two investigators (Miki K and Orita Y) who were blinded to the groups of mice. In
cases of large discrepancies, a consensus was reached by both investigators using a multi-
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headed microscope.
Statistical analysis
First, we compared the expression levels of Foxp3, IL-10, and TGF-β in the tongue
between the experimental (+4NQO-only) and control mouse groups by analysis of
variance (ANOVA). Next, we performed the same analysis using only the 3 groups of
experimental mice, i.e., the groups in which the COX-2 inhibitor was mixed with chow
at a concentration of 0, 62.5, and 187.5 µg/g. In the same manner as these analyses, we
compared the expression levels of CCL17, CCL20 and CCR4 in the tongue between the
experimental (+4NQO-only) and control mouse groups, and among the 3 groups of
experimental mice with different dose of COX-2 inhibitor. We also compared the number
of CD8+ and Foxp3+ cells detected by immunohistochemical staining in the tongue SCC
site between the 4 groups of mice (i.e., the above 3 experimental groups and 1 control
group). For all analyses, we incorporated interaction terms (time period and treatment
groups) into the models and also estimated covariate adjusted means and their 95%
confidence intervals (CI) (data not shown). A p-value of less than 0.05 (two-sided) was
considered to be statistically significant. All analyses were preformed using STATA 12.1
(Stata Corp, College Station, TX, USA).
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Results
Macroscopical and histopathological features of mouse tongues
The appearance and histopathological findings of the mouse tongues were normal in all
cases of the control group. In the mice treated with 4NQO, moderate to severe dysplasia
of the tongue was found from around week 10-15; severe dysplasia and SCC were found
from around week 15-20; and 100% of the animals had SCC at around week 25. Tongue
SCCs of all cases were well to moderately differentiated carcinoma and there were no
cases with poorly differentiated or anaplastic carcinoma. No obvious cervical metastatic
lesions were observed by week 30. Representative pictures of each stage of tumor
progression are shown in Fig. 1. No obvious differences in either macroscopical or
histopathological features were observed in the mice treated with the COX-2 inhibitor,
even in those mice treated with 3 times the standard human dose of the COX-2 inhibitor,
compared with the mice treated with 4NQO alone.
RT-PCR
The expression of Foxp3, IL-10, and TGF- with tumor progression was compared
between control mice and mice treated with 4NQO only, using RT-PCR (Fig. 2 a-c).
Foxp3 expression in the tongues of mice treated with 4NQO was significantly higher than
that of the normal control group at week 15 and 20. (p<0.001 between the treatment
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groups and the lower limit of 95% CI for mice treated with 4NQO were higher than the
upper limit for control group at week 15 and 20). The expression of Foxp3 in the tongues
of mice treated with 4NQO significantly decreased with tumor progression (p<0.001 for
between time points; the lower limit of the 95% CI for the expression level at 15 weeks
was higher than the upper limits for the expression levels at 20, 25, and 30 weeks), while
it did not change with time course in the control group (Fig. 2a). There was a tendency
for IL-10 levels to be higher in the tongues of mice treated with 4NQO compared with
those in the normal control group (p=0.07 for between treatment groups, however, at all
the time points the lower limit of the 95% CI for mice treated with 4NQO and the upper
limit for the control group were overlapped). There was no significant change in the
amount of IL-10 with tumor progression in the mice treated with 4NQO and there was
also no change over time in the control group (Fig. 2b). On the other hand, the expression
of TGF-β was significantly higher in the control mice compared with the mice treated
with 4NQO at weeks 15, 20, and 30. There was no significant change in the amount of
TGF-β during the time course either in the mice treated with 4NQO or in the control mice
(Fig. 2c).
We next compared the above parameters between mice treated with 4NQO only
and mice treated with 4NQO +COX-2 inhibitor. Administration of the COX-2 inhibitor,

16

even at 3 times the standard dose of COX-2 inhibitor, did not significantly affect the level
of expression of Foxp3, IL-10, or TGF-β at all the time points compared to mice not
treated with the inhibitor (Fig. 3a-c).
The expression of CCL17, CCL20, and CCR4 with tumor progression was
compared between control mice and mice treated with 4NQO only (Fig. 4 a-c). CCL20
expression in the tongues of mice treated with 4NQO was significantly higher than that
of the normal control group at all the time points. (p<0.001 between the treatment groups
and the lower limit of 95% CI for mice treated with 4NQO were higher than the upper
limit for control group at all the time points. p=0.030 between time points, only in control
group lower limit at 20 week was higher than upper limit at 15 and 25 weeks and lower
limit at 30 week was higher than upper limit at 25 week.). There was no significant
difference in the amount of CCL17 and CCR4 during the time course between the mice
treated with 4NQO and the control mice.
We next compared the above parameters between mice treated with 4NQO only
and mice treated with 4NQO +COX-2 inhibitor (Fig. 5a-c). Administration of the COX2 inhibitor, even at 3 times the standard dose of COX-2 inhibitor, did not significantly
affect the expression levels of CCL17, CCL20, or CCR4 at all the time points compared
to mice not treated with the inhibitor. Administration of the COX-2 inhibitor at 3 times
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the standard dose had a tendency to suppress CCL20.
Evaluation of CD8 and Foxp3 immunohistochemical staining
CD8+ cells were seldom identified in both of the control and experimental mice and the
number of them were too small to statistically analyze (data not shown).
Since we confirmed that most of the Foxp3+ cells were also CD4+ (Fig. 6a) the
number of Foxp3+ cells was used as a substitute for the number of Tregs in this study.
Among the selected 5 areas showing the most abundant distribution of Foxp3+ cells in
main slice of the tumor, the number of Foxp3+ cells was significantly higher in the
+4NQO-only group at the early stage of tumor progression compared with the control
group and the +4NQO+COX-2 inhibitor groups (p=0.0001 between the treatment groups)
(Fig. 6b). The number of Foxp3+ cells in the +4NQO-only group significantly decreased
with tumor progression (the lower limit of the 95% CI for the expression level at 15 weeks
was higher than the upper limits for the expression levels at 25 and 30 weeks, p<0.05),
while it did not significantly change during the time course in the other 3 groups. In
addition, there was no significant difference in the number of Foxp3+ cells between the
control group and the groups treated with the COX-2 inhibitor regardless of the dose of
COX-2 inhibitor. When areas showing the most abundant distribution of Foxp3+ cells
were selected, the Foxp3+ cells were observed mainly at the front line of tumor invasion
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rather than in the tumor nest in any of the 4 groups (Fig. 6c-e).

19

Discussion
Tregs suppress immune responses both systemically and in the tumor microenvironment
of oral SCC [29]. Strauss et al. [14] have reported that immune suppression in the tumor
microenvironment of head and neck SCC is mediated by a unique subset of Tregs that
produce IL-10 and TGF-β and do not require cell-to-cell contact between Tregs and
responder cells for inhibition. Although the role of inhibitory cytokines such as IL-10 and
TGF-β is still being explored, it has been believed that they play major roles in the
generation of naturally occuring Treg and function of Tr1 cells [14]. In the present study,
the amount of Tregs in the mice with tongue SCC was over 10 times as much as in the
control mice at the early stage of tumor progression. We speculate that Tregs in tumorinfiltrating lymphocytes of tongue SCC function mainly at the early stage of tumor
progression.
IL-10 activity, which reduces or inhibits antigen presentation via downregulation
of major histocompatibility complex (MHC) class II expression in antigen presenting
cells as well as of MHC class I in tumor cells, is thought to contribute to an
immunosuppressive environment and thus to facilitate tumor escape [30]. In the present
study, there was a tendency for IL-10 levels to decrease with tumor progression but this
decrease was not as clear as the decrease in Foxp3 expression. This lower decrease in IL-
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10 compared to Foxp3 expression might be due to the fact that IL-10 is produced by Tregs
as well as by tumor cells [14], and since Tregs gradually decrease with enlargement of
the tumor and the main source of IL-10 may be Tregs, this results in a gradual decrease
in total IL-10 levels. Although the role of IL-10 in tumorigenesis and development is still
controversial, we speculate that IL-10 production in the SCC microenvironment may act
as a potent cancer promoter mainly in the early stage of cancer progression.
We had expected that the level of TGF-β might synchronize well with that of IL10, but surprisingly we found that it did not. In the present study, the level of TGF-β in
the developing process of tongue SCC was even lower than that of the normal tongue of
control mice, especially at the early stage of tumor progression. The TGF-β signaling
pathway plays either a suppressive or a promotive role in cancer development depending
on tumor stage and type [31]. In the case of SCC, it inhibits early tumor development but
promotes tumor progression in the late stage [32]. Cytostatic effects of TGF-β are lost
during tumor progression and, at later stages, TGF-β responses favor tumor invasion and
metastasis [33]. We speculate that the expression of TGF-β may be unfavorable for the
early development of tongue SCC and that TGF-β expression may be downregulated
during tumor progression, although the mechanism of downregulation is unknown. It is
possible that observation over a longer period (over 30 weeks) may have detected
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increased levels of TGF-β.
We had expected that inhibition of COX-2 would cause decrease of Tregs and as
a result progression of tongue SCC might be suppressed [20-22, 34]. It has been reported
that the inhibitory effect of Tregs is mainly dependent on the production of PGE2 induced
by COX-2 and not on the production of IL-10 or TGF-β [21]. The use of the COX-2
inhibitor even results in a better survival rate of lung cancer patients [35]. In the present
study, COX-2 inhibitor could not prevent the progression of tongue SCC and could not
reduce the total amount of Tregs in the tongue tissues. However, when we selected areas
showing the most abundant distribution of Tregs in the tumor and counted the Tregs,
Tregs seemed to cluster on the front line of the tumor, and COX-2 inhibitor appeared to
reduce the number of them at these “hot spots”. Tregs specifically express chemokine
receptors CCR4 and CCR8, and CCR4 and/or CCR8 guide Tregs to sites of antigen
presentation and inflamed areas to attenuate T cell activation [36]. CCL17 is a ligand of
CCR4, and Tregs migrate in response to the CCL17 and CCL20 [36, 37]. In the present
study, the amount of CCL17 and CCR4 did not change in the tongues of mice treated with
4NQO compared with tongues of control mice, but CCL20 significantly increased in
tongues of mice treated with 4NQO compared with normal tongues. Although COX-2
inhibitor did not affect the amount of CCL17 and CCR4, the high dose of COX-2 inhibitor
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appeared to suppress the expression of CCL20. Since CCL20 is also associated with the
prevalence of Th17 cells, a novel T cell subset with potent proinflammatory and
protumorigenic properties [38], COX-2 inhibitor may be effective to some degree in
prevention of the local invasion of tongue SCC, although we could not observe positive
evidence that COX-2 inhibitor prevents the migration of Tregs.
The main antitumor defense mechanism is the death of tumor cells caused by
CD8+ T lymphocytes, also known as cytotoxic T lymphocytes, and the presence of tumorinfiltrating CD8+ T cells is associated with favorable outcomes [39-41]. In the present
study, since CD8+ cells were seldom identified in both of the control and cancer tongue,
we could not investigate the roles of CD8+ T cells in tongue SCC. We speculate that the
magnitude of inflammation in this mouse model of 4NQO-induced-tongue SCC was
relatively low and in consequence the number of tumor-infiltrating CD8+ T cells was too
small to be statistically analyzed.
Whether Tregs are recruited from the periphery and accumulate at the tumor or
whether the tumor microenvironment converts effector T cells present in situ to Tregs is
still unclear. The possibility that Tregs can be generated in situ is supported by several
reports that have demonstrated the induction of Tregs from CD25-T cells by prolonged
or repeated antigen stimulation [42]. In the present study, there was no significant
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difference in the expression level of IL-10 in the spleens of the +4NQO-only group
compared to the +4NQO+COX-2 inhibitor group, regardless of the dose of COX-2
inhibitor, and there was no correlation between the expression level of IL-10 in the tumor
lesions and those in the spleens (studied with enzyme-linked immunosorbent assay
(ELISA), correlation coefficient was -0.039, not significant, data not shown). These
results may suggest that reshaping of tumor-infiltrating lymphocytes occurs in the tumor
microenvironment.
The present study may provide a basic outline of Tregs behavior in tumor
progression as well as a framework for future explorations of Tregs in well to moderately
differentiated tongue SCC. However, since the COX-2 inhibitor did not clearly suppress
tumor progression in the present study we could not draw the conclusion that Tregs
always have a tumor promotive role during the development of tongue SCC. Further study
using this model may be necessary to decide the role of Tregs and cytokines in tongue
SCC.

Conclusion
In the progression of well to moderately differentiated tongue SCC, Tregs function mainly
at its early developmental stage. COX-2 inhibitor does not prevent the development of
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tongue SCC and does not reduce the amount of Tregs in tumor tissues. It may be effective
to suppress the Treg-function at the early stage of tumor progression for the treatment of
tongue SCC.
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Figure Legends

Figure 1. Representative histopathological pictures of normal tongue and each stage of
tongue tumors that were stained with hematoxylin and eosin (normal, ×200; 15, 20 weeks
(W), ×20; 25, 30W, ×10 ). The picture of control is that of 30W- normal mouse. The other
4 pictures show the tongue of mice who received 4NQO solution in their drinking water
and drug-free chow. Carcinoma in situ and/or microinvasive cancer was seen at week 2025, and invasive cancer was seen at week 30.

Figure 2. The expression of (a) Foxp3, (b) IL-10, and (c) TGF-β was analyzed at the
indicated times in the tongue tissues of control mice and of mice treated with 4NQO using
RT-PCR. The p-value written in each of the graph is for between treatment groups as a
sum by ANOVA. Asterisks indicate the values which are significantly different between
treatment groups at that time point by directly comparing each upper/lower 95%
confidence intaervals. (a) The expression of Foxp3 in the tongues of mice treated with
4NQO significantly decreased with tumor progression (p<0.001 for between time points),
while it did not change with time course in the control group. (b) There was no significant
change in the amount of IL-10 with tumor progression in the mice treated with 4NQO
and there was also no change over time in the control group. (c) There was no significant
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change in the amount of TGF-β during the time course either in the mice treated with
4NQO or in the control mice.

Figure 3. Effect of the COX-2 inhibitor on the expression of Foxp3, IL-10, and TGF-
with tumor progression in 4NQO-treated mice. The expression of (a) Foxp3, (b) IL-10,
and (c) TGF-β was analyzed at the indicated times in the tongue tissues of mice treated
with 4NQO in the presence or absence of the indicated concentrations of the COX-2
inhibitor, using RT-PCR. Administration of the COX-2 inhibitor did not significantly
affect the level of expression of Foxp3, IL-10, or TGF-β at all the time points compared
to mice not treated with the inhibitor. The p-value written in each of the graph is for
between treatment groups.

Figure 4. The expression of (a) CCL17, (b) CCL20, and (c) CCR4 was analyzed at the
indicated times in the tongue tissues of control mice and of mice treated with 4NQO using
RT-PCR. The p-value written in each of the graph is for between treatment groups.
Asterisks indicate the values which are significantly different between treatment groups.
CCL20 significantly increased in mice treated with 4NQO compared with control mice
(p<0.001).
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Figure 5. Effect of the COX-2 inhibitor on the expression of CCL17, CCL20, and CCR4
with tumor progression in 4NQO-treated mice. The expression of (a) CCL17, (b) CCL20,
and (c) CCR4 was analyzed at the indicated times in the tongue tissues of mice treated
with 4NQO in the presence or absence of the indicated concentrations of the COX-2
inhibitor, using RT-PCR. Administration of the COX-2 inhibitor did not significantly
affect the level of expression of CCL17, CCL20, or CCR4 at all the time points compared
to mice not treated with the inhibitor. The dose of 187.5µg/g COX-2 inhibitor appeared
to suppress the expression of CCL20. The p-value written in each of the graph is for
between treatment groups.

Figure 6. (a) Immunohistochemical staining with Foxp3 and CD4 at alomost the same
slice and phase of the tongue cancer. Foxp3 staining was observed in the nuclei and CD4
in the cell membrane of lymphocytes. Most of the Foxp3+ cells were also CD4+. (b) The
number of Foxp3+ cells in a ×200 microscopic field (0.933 mm2) was counted. Five areas
showing the most abundant distribution were selected, and the mean number of Foxp3+
cells was calculated for each case. The number of Foxp3+ cells was significantly higher
in the +4NQO-only group at the early stage of tumor progression compared with the
control group and the +4NQO+COX-2 inhibitor groups (p=0.0001 between the treatment
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groups). The number of Foxp3+ cells in the +4NQO-only group significantly decreased
with tumor progression (p<0.05), while it did not significantly change during the time
course in the other 3 groups. (c, d, e) The Foxp3+ cells were observed mainly at the front
line of tumor invasion rather than in the tumor nest. These 3 pictures were those of
experimental mice treated with 4NQO only. Arrows indicate Foxp3 cells that were
observed mainly at the front line of the tumor invasion (×40).

