
Abstract. Active suppression by CD4+CD25+ T regulatory
cells (T regs) plays an important role in the down-regulation
of T cell responses to foreign and self-antigens. Thus far, the
potential role of T regs in human tumors has been reported.
T reg-mediated suppression of antitumor immune responses
may partly explain the poor clinical response to vaccine-based
immunotherapy for human cancer. The forkhead transcription
factor Foxp3 is a critical regulator of T regs development and
function. Foxp3 represents a specific marker for the T regs. In
this study, we measured the Foxp3 mRNA expression in
tumors and in normal tissues from 46 patients with non-small
cell lung carcinoma (NSCLC), and tumor tissues showed a
significantly higher expression of Foxp3 mRNA than normal
tissues. The expression of Foxp3 mRNA and the tumor
diameter were inversely proportional. These results suggest
that T regs expressing Foxp3 selectively accumulate in tumor
tissues of NSCLC and contribute to antitumor immune
dysfunction, especially in the early stages.

Introduction

Lung cancer is one of the most significant, avoidable causes of
death around the world. It is the most widespread carcinoma
with a very poor prognosis, and it is the leading cause of cancer
death in both developed and developing countries (1). Most
cancer patients do not develop a satisfactory immunological
antitumor response, implicating the existence of tumor-specific
immune evasion strategies, including the down-regulation of
components of the antigen processing and antigen presentation
and the induction of tumor antigen-specific T cell tolerance

through normal pathways of self-tolerance generation (2-5).
Although the induction of autoimmune disease involves many
factors, the defining event is the loss of T cell tolerance to self-
antigens. Tolerance is maintained in part by negative selection
of autoreactive T cells in the thymus and by induction of anergy
in the periphery (6,7). However, these two mechanisms alone
are insufficient to preserve the tolerant state. Recently, the
crucial role of T regs in suppression of responses to self-Ags
has been demonstrated in both mice and humans (8-10). Active
suppression by T regs plays an important role in the down-
regulation of T cell responses to foreign and self-antigens.

It has been previously reported that Foxp3 is a key
regulatory gene for the development of T regs (11). Foxp3 is
a transitional repressor required for the development and
function of T regs (12). Deficiency of Foxp3 leads to auto-
immune diseases including X-linked immune dysfunction,
polyendocrinopathy and enteropathy in humans and scurfy in
mice. Although CD4 and CD25 partially identify the T reg
compartment, Foxp3 is currently the most definitive marker
of regulatory function (12-14). It has been reported that T regs
exist in increased proportions in the tumor-infiltrating lympho-
cytes (TIL) of patients with NSCLC (15) and other tumors
(16-19).

We have studied whether tumor-infiltrating T regs influence
the clinicopathological characteristics of NSCLC patients by
comparing the Foxp3 expression in tumor tissues and normal
lung tissues. In this study, we showed that tumor tissues
contain a higher expression of Foxp3 than normal lung
tissues. Moreover, we found that the expression of Foxp3 and
tumor diameter were inversely proportional, suggesting that
T regs accumulate in tumor tissues and could contribute to
the progression of NSCLC, especially in the early stage of
the tumor. These T regs may play a role in inducing and/
or maintaining immune tolerance to tumors in patients with
NSCLC, and the manipulation of this subpopulation could be
an important component of cancer therapy.

Materials and methods

Patient population. Forty-six patients with primary NSCLC
and without neoadjuvant therapy were selected from the
Department of General Surgical Science, Gunma University
Graduate School of Medicine (Maebashi, Japan), between
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September 1999 and February 2004. The group included 33
men and 13 women aged 36-84 years (mean age, 65.2 years).
Tumor stage and disease grade were classified according to
the fifth edition of the TNM classification of the International
Union Against Cancer (UICC). Written informed consent
to participate in the study was obtained from each patient
according to the ethical guidelines of our university. Tumor
tissues and normal tissues were collected at the time of surgery
and processed by sterile mechanical dissection. Normal tissues
were obtained from non-inflammatory tissues which were
located as far away from tumor tissues as possible. Obtained
tissues were cryopreserved for further analysis.

RNA extraction and quantitative real-time RT-PCR analysis.
Total RNA (1 μg) extracted with RNeasy Mini Kit (Qiagen,
Tokyo, Japan) was reverse transcribed using 2.5 μM random
hexamers (Takara Bio, Otsu, Japan), 4 units of Omniscript
Reverse Transcriptase (Qiagen) mixed with 2 μl of 10X
Buffer RT (Qiagen), 2 μl of dNTP Mix (Quiagen) at 5 mM
each and 10 units of RNase inhibitor (Takara Bio), and nuclease
free water (Invitrogen Corp., Carlsbad, CA) in a final volume
of 20 μl. One-twentieth of the RT reaction (50 ng of RNA
converted to cDNA) was used as a template for the PCR step
using TaqMan Universal PCR Master Mix, as recommended
by the supplier (Applied Biosystems). Quantitative real-time
PCR was performed using Assays-on-Demand and an ABI
PRISM® 7000 Sequence Detection System on human target
genes, Foxp3 (assay IDs Hs00203958_m1; Applied Bio-
systems, Foster City, CA), and Pre-Developed TaqMan® Assay
Reagents Endogenous Human beta actin (Applied Biosystems).
Primers, probes, and cDNA were added to the TaqMan
Universal PCR Master Mix (Applied Biosystems), which
contained all reagents for PCR. The PCR conditions included
1 cycle at 50˚C for 2 min, 1 cycle at 95˚C for 10 min, 40 cycles
at 95˚C for 15 sec and 60˚C for 1 min. PCR products were
measured continuously with an ABI PRISM 7000 Sequence
Detection System (Applied Biosystems). The relative amount
of Foxp3 transcript was normalized to the amount of ß-actin
transcript in the same cDNA.

Statistical analysis. Continuous variables were compared using
Student's t-test and Mann-Whitney U test. Differences between
the clinical parameters of the two groups were determined
by the ¯2 test. Significance of the difference in survival rates
was determined by the log-rank (Mantel-Cox) test. Statistical
significance was assumed for p-values <0.05.

Results

Expression of Foxp3 mRNA level and ratio in tumor tissues
and normal tissues in NSCLC patients. Patients' clinical
characteristics are described in Table I. A significantly higher
mean expression level of Foxp3 was detected in tumor tissues
than in normal tissues (p<0.01; Fig. 1A). Comparing the two
groups of tumors, which were less than or greater than 30 mm
in diameter, a significant difference was observed only in
smaller tumors of 30 mm or less (p<0.01; Fig. 1B). A
significantly higher mean expression level was detected in
tissues of tumors smaller than 30 mm compared to those larger
than 30 mm (p<0.05; Fig. 1B) although no significant
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Table I. Clinical characteristics and distribution of patients
according to their Foxp3 expression ratio.
–––––––––––––––––––––––––––––––––––––––––––––––––
Parameter Total Positivea Negativea P-valueb

(n=46) (n=27) (n=19)
–––––––––––––––––––––––––––––––––––––––––––––––––
Age (years)c 65.2±9.6 65.5±10.8 64.8±8.1 0.828

Gender
Male 33 19 14 0.806
Female 13 8 5

Histology
Adeno- 31 18 13 0.084

carcinoma
Squamous cell 10 4 6

carcinoma
Large cell 5 5 0

carcinoma

Differentiation
Well 9 6 3 0.382
Moderate 20 11 9
Poor 11 4 7

Tumor status
pT1 13 11 2 0.148
pT2 26 12 14
pT3 2 1 1
pT4 5 3 2

N status
N0 27 17 10 0.625
N1 5 2 3
N2 13 7 6
N3 1 1 0

M status
M0 43 24 19 0.370
M1 3 3 0

Staging
I 24 15 9 0.352
II 2 1 1
III 17 8 9
IV 3 3 0

Lymphatic
invasion
+ 24 14 10 0.824
- 20 11 9

Vessel invasion
+ 20 13 7 0.395
- 23 12 11

Pleural invasion
+ 17 10 7 0.912
- 28 16 12

–––––––––––––––––––––––––––––––––––––––––––––––––
aOver 2 times expression ratio classified as positive. bÏ2 test. cData
are values for average ±SD.
–––––––––––––––––––––––––––––––––––––––––––––––––
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difference was detected in normal tissues according to the
tumor diameter. Accordingly, the expression ratio (relative
expression level in tumor tissues compared to that in normal
tissues in the same patients) was significantly higher in the
group of tumors smaller than 30 mm (p<0.01; Fig. 1C). T
factor classification is reflected by tumor diameter. Similarly,
the expression level with pT1 in tumor tissues compared to

normal tissues and expression ratio with pT1 compared to
over pT2 were significantly high (p<0.05 and p<0.01,
respectively; data not shown). Although the expression level
in tumor tissues was significantly higher than that in normal
tissues in adenocarcinoma and large cell carcinoma (p<0.01
and <0.05, respectively; Fig. 1D), no significant mean
expression level was detected in squamous cell carcinoma. A
tendency towards a lower mean expression level in tumor
tissues was detected in squamous cell carcinoma compared to
adenocarcinoma (p=0.066; Fig. 1D). Expression ratios were
not significant according to histopathology (Fig. 1E).
Because 9 of the 10 cases of squamous cell carcinoma were
larger than 30 mm in diameter, we next studied the expression
levels and ratios with tumors larger than 30 mm according to
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Figure 1. Scatter plots of expression level and ratio of Foxp3 mRNA in
NSCLC. (A), Expression level in tumor and normal tissue. (B), Expression
level in tumor and normal tissue according to tumor diameter. (C), Expression
ratio according to tumor diameter. (D), Expression level in tumor and normal
tissue according to their histology. (E), Expression ratio according to their
histology. Ad, adenocarcinoma; Sq, squamous cell carcinoma; Lg, large cell
carcinoma. Closed circles and bars represent values for individual patients and
average values for patient groups, respectively.
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histopathology, considering that squamous cell carcinoma
showed no tendency towards a lower expression level (data
not shown). A negative correlation was observed between the
expression ratio and tumor diameter (correlation coefficient
-0.441, p<0.01; Fig. 2).

Relationship between the expression ratio of Foxp3 mRNA and
clinicopathological factors. Correlation between clinicopatho-
logical factors and the Foxp3 expression ratio is summarized
in Table I. Two groups were compared according to an
expression ratio two times greater or less. There was no
significant difference in clinicopathological factors and the
expression ratio. When groups demonstrated an expression
ratio of 1.5-2.5, no significant difference was observed (data not
shown). Five-year survival rates and expression ratios showed
no statistically significant difference (data not shown).

Discussion

Naturally occurring CD4+CD25+ T cells originate from the
thymus and play an important role of the maintenance of
peripheral tolerance by suppression of autoreactive T-cell
populations. However, regulatory cells can have beneficial as
well as harmful effects. Although they prevent a variety of
autoimmune and inflammatory diseases, they concomitantly
inhibit antitumor immune reactions by suppressing tumor-
specific T-cell responses. Patients with cancer have an
increased number of peripherally circulating and tumor site
T regs (15-17,20). It has been proposed that mechanisms
underlying autoimmunity and tumor immunity are linked (21).
It has been reported that carcinogen-induced tumors elicit both
concomitant antitumor immunity and immune suppression
(22,23).

The aim of this study was to investigate the influence
of tumor-infiltrating T regs in TIL on clinicopathological
characteristics of NSCLC patients. Recent reports showed
that T regs constitutively express the transcription factor
Foxp3 (11,13), so a high Foxp3 expression can be considered
as an accumulation of T regs.

We have used normal lung tissues obtained from NSCLC
patients for the first time to evaluate the accumulation of T regs

in tumor tissues while previous reports used peripheral blood as
a control (15,20). In this study, by investigating the expression
ratio, the increase of T regs in tumor tissues compared to
normal lung tissues could be evaluated more appropriately
among patient groups with different clinical characteristics.
We demonstrated that T regs accumulate more in tumor
tissues than in normal lung tissues in NSCLC patients. This
accumulation was observed especially in tumors smaller than
30 mm, and a negative correlation was observed between T reg
accumulation and tumor diameter.

It has been reported that a higher percentage of tumor-
infiltrating T regs was observed in advanced stages than in
early stages of ovarian carcinoma and gastric cancer patients
(17,18), and the increases of the percentage predicted poor
survival in ovarian carcinoma. In NSCLC, previous studies
have reported an increase in the percentage of T regs in tumor
tissues compared to peripheral blood (15,20). In this study,
we found the Foxp3 expression was higher in tumor tissues
than in normal tissues, which means that T regs accumulate
in tumor tissues. On this point, our data are in accordance
with these reports, but we found no correlations between the
Foxp3 expression in tumor tissues and survival, stages, or
clinicopathological factors of NSCLC.

Based on the cytokine synthesis, CD4+ T cells can often
be classified into Th1 and Th2. In the same way, cytolytic
CD8+ effector cells fall into two subpopulations, Tc1 and Tc2
(24,25). These cells play important immunoregulatory roles.
Some recent studies have demonstrated that an elevated level
of type 2 cytokines contributes to the ability of cancer cells
to escape immunosurveillance. Norimasa et al investigated
the impacts of Th1, Th2, Tc1 and Tc2 on tumor immunity in
NSCLC (26). They have reported that the Th1-to-Th2 and
Tc1-to-Tc2 ratios in the TIL were significantly different
according to tumor size and histology. These ratios were
more significantly elevated in the squamous cell carcinoma
than adenocarcinoma. The group of tumors over 30 mm in size
had a significantly elevated Th1-to-Th2 ratio. Norimasa et al
have suggested that the host immunoreactivity against the
tumor differs according to these clinical characteristics. The
histology may reflect the modality of the antigen, and the
tumor size may reflect the quantity of antigens. There are few
reports referring to T regs and the Th1-to-Th2 or Tc1-to-Tc2
ratios in cancer patients, so it is not clear whether Th1-to-Th2
or Tc1-to-Tc2 ratios and immunosuppression by T regs are
linked or not.

Our data revealed that there was a tendency for a higher
mRNA expression level of Foxp3 in adenocarcinoma but no
different expression ratio and a significantly higher expression
level and ratio in the group which included tumors over 30 mm.
The Foxp3 expression level reflects the density of T regs. It
does not mean that the decrease of Foxp3 expression level in
inverse proportion to tumor diameter equals the decrease of
the number of T regs from a point of total tumor-infiltrating
T regs. Although T regs may accumulate in tumor tissues from
the early stages, the tumor expansion may be more rapid than
the increasing number of T regs.

Our data suggest that the immunosuppressive mechanisms
induced by T regs in NSCLC patients may have a relation-
ship to tumor volume. The mechanisms especially may have
an impact on the stage at which the tumor occurs.
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Figure 2. Correlation between expression ratio and tumor diameter in NSCLC.
Correlation coefficient is -0.441, p<0.01. Negative correlation is observed.
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In summary, T regs accumulate in tumor tissues in NSCLC,
causing an especially high density in tissues from smaller
tumors. As these T regs may be involved in carcinogenesis,
future strategies should be directed toward controlling their
function.
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