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Abstract. It is not easy to induce cytotoxic T lymphocytes
(CTLs) against cancer in in vitro culture. Regulatory T cells
(Tregs) are considered to play a pivotal role in tumor immune
escape. In this study, we analyzed the distribution of Tregs
among tumor-infiltrating lymphocytes (TILs), regional lymph
node lymphocytes (RLNLs) and peripheral blood lympho-
cytes (PBLs) in patients with lung cancer, and analyzed the
effect of Tregs on the induction of CTLs in vitro. A total of
84 patients with non-small cell lung cancer underwent surgery
between January 2003 and December 2004. The TILs, RLNLs
and PBLs from these patients were subjected to a comparison
analysis. The proportion of CD4*CD25*Foxp3* cells in these
lymphocytes was determined by flow cytometry. The effects of
Tregs on the induction of CTLs was analyzed by the depletion
of Tregs in mixed lymphocyte-tumor cell culture (MLTC).
The average proportions of Tregs in the TILs, RLNLs and
PBLs were 10.4+9.5, 4.4+2.4 and 2.8+2.1%, respectively. The
proportion of Tregs in the RLNLs was significantly higher
than that in the PBLs (P<0.001); furthermore, TILs contained
a larger number of Tregs than RLNLs (P=0.034). These Tregs
substantially suppressed the induction of CTLs against autolo-
gous tumor cells. The depletion of Tregs in the MLTC resulted
in the successful induction of CTLs. Tregs were found at a
higher frequency in the TILs and RLNLs than in the PBLs
in lung cancer patients. Since Tregs inhibited the induction of
CTLs, the depletion of Tregs may represent a new therapeutic
strategy for lung cancer patients.
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Introduction

Lung cancer is the most common malignant neoplasm and
the leading cause of cancer mortality in industrialized coun-
tries (1). Although there have been advances in the diagnostic
and therapeutic approaches against lung cancer, limited levels
of improvement in the treatment outcome have been accom-
plished. Recent clinical studies on immunotherapy indicated
favorable therapeutic effects, and suggested that such a
strategy might represent an alternative treatment approach
for lung cancer (2,3). A large number of tumor-associated
antigens have been identified in various human cancers (4-6).
A high level of CD8 T cell infiltration into tumor tissues has
been reported to be associated with a better prognosis in colon
carcinoma and in ovarian cancer, suggesting that antitumor
immunity can be provoked in cancer patients (7,8). A large
number of antigen-based immunotherapy studies have been
conducted; however, Rosenberg et al reported that the overall
response rate for patients with cancer (mainly melanoma) to
vaccines was as low as 2.6% (9). Such low response rates may
be associated with an immunological escape mechanism.

Overcoming these tumor immunological escape mecha-
nisms is considered to be necessary to develop effective
immunotherapy using tumor-associated antigens. Regulatory
T cells (Tregs) play a pivotal role in various escape mecha-
nisms, and it is necessary to suppress the effects of Tregs to
provide efficient cancer immunotherapy. It has been shown
that Tregs constitutively express high levels of the inter-
leukin 2 receptor chain (CD25) and specifically express the
forkhead/winged helix transcription factor (Foxp3), which
inhibits the activation of both self-antigen and foreign-antigen
reactive T cells (10,11). Tregs are known to have a critical
physiological role in the suppression of autoimmune
diseases (12,13). However, Tregs also play a critical role
in suppressing antitumor immune responses, since most
tumor-associated antigens are self-antigens.

The immunological implications of the population of Tregs
in the local region of the tumor and regional lymph nodes have
not been fully investigated. Therefore, the aim of the present
study was to evaluate the frequency of CD4*CD25"Foxp3*
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T cells in the tumor-infiltrating lymphocytes (TILs), regional
Ilymph node lymphocytes (RLNLs) and peripheral blood
lymphocytes (PBLs) of non-small cell lung cancer (NSCLC)
patients, and to determine their influence on the induction of
cytotoxic T lymphocytes (CTLs) against autologous tumor
cells.

Materials and methods

Patients. The study protocol was approved by the Human
and Animal Ethics Review Committee of the University of
Occupational and Environmental Health, Japan, and a signed
consent form was obtained from each patient before collecting
the tissue samples used in this study. Between January 2003
and December 2004, 153 patients with NSCLC underwent
surgery at the University of Occupational and Environmental
Health. Of these, 84 patients were enrolled in this study, and
their RLNLs and PBLs were collected at the time of surgery
and stored at -80°C until they were analyzed. The patients'
records, including their clinical data, preoperative examina-
tion results, details of surgery, histopathological findings and
TNM staging were also reviewed. The characteristics of the
patients are shown in Table I. The preoperative assessments
included chest roentgenography, computed tomography (CT)
of the chest and upper abdomen, magnetic resonance imaging
(MRI) of the brain, bronchoscopy and bone scintigraphy. All
resected specimens, including the primary tumor and the
systematically dissected hilar and mediastinal lymph nodes,
were examined pathologically to identify the extent of lymph
node metastases. The histopathological findings were classi-
fied according to the World Health Organization criteria, and
the TNM staging system of the International Union Against
Cancer (UICC) was employed (14,15).

Antibodies and flow cytometric analysis to detect CD4,
CD25 and Foxp3. Phycoerythrin-Cy5 (PE-Cy5)-conjugated
anti-human CD4 (RPA-T4) and a mouse IgG2b isotype control
(eBMG2b) were purchased from eBioscience (San Diego,
CA, USA). A fluorescein isothiocyanate (FITC)-labeled
monoclonal antibody against CD25 (2A3), IgG1 (X40) and
phycoerythrin (PE)-labeled monoclonal antibody against
IgGl1 (X40) were purchased from BD Bioscience (San Jose,
CA, USA). The PE-labeled monoclonal antibody to Foxp3
(259D) was purchased from BioLegend (San Diego, CA, USA).
A FITC-labeled mouse IgGl1 or PE-labeled mouse IgG1 was
used as an isotype-matched control. To analyze the intracyto-
plasmic Foxp3 expression, a human regulatory T cell staining
kit was purchased from eBioscience. The fresh and cultured
PBL and RLNL cells were washed with phosphate-buffered
saline (PBS; pH 7.4). Hanks' balanced salt solution containing
0.1% NaN, and 1% fetal calf serum (FCS) was used as the
staining buffer. Following incubation for 30 min with a mono-
clonal antibody against Foxp3 (259D) or isotype-matched
controls, 1x10° labeled cells in each sample were analyzed on
a FACSCalibur instrument (BD Bioscience).

In vitro system to induce CTLs against autologous tumor
cells. The lung cancer cell lines, F1121L (adenocarcinoma cell
line) and L1023L (squamous cell carcinoma cell line) were
previously established in our department (16). The culture
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Table I. Characteristics of the patients with non-small cell lung
cancer.

Characteristic No. of patients
Age (years) 67.8 (44-88)
Gender

Male 54

Female 30
Histology

Adenocarcinoma 59

Squamous cell carcinoma 14

Other 11
pStage

1A 38

1B 18

ITA 1

1B 9

IIA 10

1B 5

v 3

pStage, pathological stage.

medium consisted of RPMI-1640 (Gibco BRL, Grand Island,
NY, USA) supplemented with 10% heat-inactivated FCS
(Equitech-Bio, Ingram, TX, USA), 10 mM HEPES, 100 IU/ml
penicillin G and 100 mg/ml streptomycin sulfate. The RLNL
cells were obtained at the time of surgery. Each lymph node
was divided into two parts; one for the histological diagnosis
and one for this study. Lymphocytes from each lymph node
were mixed and stored at -80°C until use, as described previ-
ously (17). They were then rapidly thawed and stimulated with
an irradiated (100 Gy) CD80-transfected autologous tumor cell
line (F1121L and L1023L) weekly at a tumor-to-lymphocyte
ratio of 1:10 in culture medium as described previously (17).
The tumor-specific induction of CTLs was considered to be
successful if the CTLs lysed more than 10% of the autologous
tumor cells at an effector/target ratio of 30/1 and did not lyse
autologous Epstein-Barr virus-transformed B cells during the
4-h standard 51Cr release assay performed on day 28 of the
mixed lymphocyte-tumor cell culture (MLTC).

The tumor cells (F1121L and L1023L) were plated at
5x10° cells/25 ¢cm? flask (Falcon; Becton Dickinson, Oxnard,
CA, USA) in culture medium, and were incubated at 37°C
with 5% CO,. At 24 h after plating, almost all of the tumor
cells were adherent to the bottom of the flask, and the culture
medium was completely recovered, centrifuged to remove
cellular debris, and then frozen at -80°C until the measure-
ment of TGF-f3 was performed. The level of TGF-f in the
supernatant was measured using an ELISA kit (Amersham
Lifescience, Braunschweig, Germany).

Statistical analysis. The Mann-Whitney U test was used to
determine the differences in the continuous variables between
the two groups. P<0.05 was considered to indicate a statisti-
cally significant difference.
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Table II. Frequency of Foxp3* cells/CD4" cells in the lymph
nodes and peripheral blood in patients with non-small cell lung
cancer.

Characteristic n RLNL (%)  PBL (%)
Gender
Male 54 45425 29+2.1
Female 30 4123 2.5+2.5
Histology
Adenocarcinoma 59 44422 2722
Squamous cell carcinoma 14 4.8+2.8 2.3+1.7
Other 11 3.9+2.7 3.7+1.7
pStage
I 56 4.6+2.6 2.6+2.0
II-1v 28 40+1.9 32426
pN
0 61 4.6+2.5 2.6+2.0
1-3 23 3.8+1.9 32423

RLNL, regional lymph node lymphocyte; PBL, peripheral blood
lymphocyte.

Results

CD4*CD25*Foxp3* Tregs are more common in the primary
tumor and regional lymph nodes than in the peripheral blood.
The RLNLs and PBLs of the 84 patients with lung cancer
were analyzed. The Foxp3*/CD4" cell ratios in the RLNLs and
PBLs were 4.4+2.4 and 2.8+2.1%, respectively. TILs could
be analyzed in 9 cases, and the Foxp3* cell/CD4* cell ratio
was 10.4£9.5%. The frequency of Tregs in the RLNLs was
significantly higher than that in the PBL, and the frequency in
the TILs was higher still (Fig. 1). The frequencies of Tregs did
not correlate with clinicopathological factors such as gender,
histology or pathological stage (Table II).

Depletion of Tregs improves the efficiency of CTL induction.
The induction of CTLs against L1023L could not be achieved
from the RLNLs of patient L1023. In order to evaluate the
effects of Tregs on the induction of CTLs, autologous MLTC
was performed in the presence or absence of CD4*CD25*
T cells. The CD4*CD25" T cells were isolated from RLNLs
using the AutoMACS magnetic separation system with a
human CD4*CD25" isolation kit (Miltenyi Biotec, Auburn,
CA, USA). Following depletion of the CD4*CD25* T cells, the
RLNLs (9x10° cells) were seeded into 9 wells (1x10%/well in
2 ml culture medium). The 9 wells were used for 3 experimental
groups as follows: no addition of CD4*CD25* T cells, addition
of 1x10* (1%) CD4*CD25* T cells, and addition of 5x10* (5%)
CD4*CD25* T cells. The induction of tumor-specific CTLs
was analyzed by a 51Cr release assay on day 28 of the MLTC.

The control group (Treg-depleted group), 1% Treg-added
group and 5% Treg-added group were subjected to MLTC
for 4 weeks. After 4 rounds of stimulation with cancer cells,
the Tregs were analyzed in each group by flow cytometry.
Although the Tregs were maintained for 4 weeks after
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Figure 1. Average ratios of Foxp3* cells/CD4* cells in the PBLs, RLNLs
and TILs in patients with non-small cell lung cancer. The average ratios of
Foxp3* cells/CD4* cells in the PBLs, RLNLs and TILs were 2.8, 4.4 and
10.4%, respectively. The number of Tregs in the RLNLs was significantly
higher than that in the PBLs, and the number of Tregs in the TILs was sig-
nificantly higher than that in the RLNLs. PBL, peripheral blood lymphocyte;
RLNL, regional lymph node lymphocyte; TIL, tumor-infiltrating lymphocyte.
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Figure 2. Proportion of residual Tregs 4 weeks after MLTC. Before MLTC,
the Tregs were depleted using a human CD4*CD25" isolation kit. Following
Treg depletion, a control group (Treg-depleted group), 1% Treg-added
group and 5% Treg-added group were subjected to MLTC for 4 weeks. At
4 weeks after MLTC, the populations of Tregs were analyzed by flow cytom-
etry with a FACSCalibur instrument. (A) The proportion of Foxp3*/CD4*
cells is shown. (B) The relative ratio of the mean fluorescence intensity of
Foxp3*CD4*CD25*/Foxp3*CD4*CD25" is shown. The Tregs remained for at
least 4 weeks according to the initial proportion added following MLTC in
each group. Tregs, regulatory T cells; MLTC, mixed lymphocyte-tumor cell
culture; FACS, fluorescence-activated cell sorting.

MLTC in each group, the proportion of Tregs was higher in
the 5% Treg-added group than in the Treg-depleted control
group (Fig. 2A). The mean fluorescence intensity of Foxp3 in
the CD4*CD25* T cells was also higher in the 5% Treg-added
group than in the Treg-depleted group (Fig. 2B). The CTL
activity in each group (depletion, 1% and 5% Treg addition),
was assessed by the cytolytic activity against the autologous
tumor cell line, L1023L. One of 3 independent wells in the
Treg-depleted group showed the successful development of
CTL activity against the autologous tumor (L1023L) cells. In
contrast, the addition of 1 and 5% Tregs completely inhibited
the induction of CTL activity (Fig. 3).

Addition of TGF-{ inhibits CTL induction and increases the
number of regulatory T cells. In order to evaluate the inhibi-
tory effect of TGF-f on the induction of CTLs, autologous
RLNLs were subjected to MLTC in the absence or presence of
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Table III. Increase of Treg population following addition of
TGF-f during mixed lymphocyte-tumor cell culture.

TGF-3 CD4*CD25*/CD4*  Foxp3*/CD4*

(pg/ml) (%) (%) MFI ratio®
0 19.89+1.24 4.59+0.89 1.28+0.12
100 28.22+5.97 5.83+1.79 1.38+0.19
400 24.22+14.0 7.19+1.26 1.67+0.11

*The relative ratio of the mean fluorescence intensity of

Foxp3*CD4*CD25*/Foxp3*CD4*CD25" cells.
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Figure 3. Effect of the deletion of Tregs on the induction of CTLs. The
CTL activity in the Treg-depleted group, 1% Treg-added group and 5%
Treg-added group was assessed based on the cytolytic activity against the
autologous tumor cell line, L1023L, 4 weeks after MLTC. The CTL activity
against L1023L cells was successfully induced by autologous RLNLS in the
Treg-depleted group. By contrast, the addition of Tregs at 1 and 5% following
depletion completely inhibited the induction of CTL activity. Tregs, regula-
tory T cells; CTL, cytotoxic T lymphocyte; E/T ratio; effector cells/target
cell ratio; MLTC, mixed lymphocyte-tumor cell culture; RLNL, regional
lymph node lymphocyte.

100 or 400 pg/ml TGF-p (R&D Systems, Minneapolis, MN,
USA). During the MLTC, various amounts of TGF-f3 (0, 100 or
400 pg/ml) were added every day as described previously (18).
In both of the groups with added TGF-f3, the induction of CTLs
was inhibited. However, in the group cultured without TGF-f,
CTL induction was achieved in 2 out of 3 wells, as described
previously (18). In the same experiment, we analyzed the
proportion of Tregs 28 days after MLTC, and the proportion of
CD4*CD25*Foxp3* Tregs in each sample was analyzed using
a FACSCalibur instrument. A higher Treg population was
observed in the groups treated with TGF-f3 than in the group
without treatment (Table III).

Amount of TGF-f3 in the supernatant after 4 weeks of MLTC.
The level of TGF-f in the supernatant of cells treated with
the autologous tumor cells (L1023L) alone was 115 pg/ml. In
the 1% Treg-added group, the TGF-f level in the supernatant
of the culture medium after MLTC was 173 pg/ml, whereas
the TGF-f level in the supernatant of the culture medium
after MLTC was 301 pg/ml in the 5% Treg-added group. The
level of TGF-f in the supernatant was higher in the 1 and 5%
Treg-added group than in the Treg-depleted group (Fig. 4).
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Figure 4. Level of TGF-f in the supernatants 4 weeks after MLTC. The
TGEF-f levels in the supernatants 4 weeks after MLTC were analyzed by
ELISA. In both the 1 and 5% Treg-added group, the TGF-f level in the
supernatant was higher than that in the Treg-depleted group. The TGF-f
level in the supernatant in the autologous tumor cell culture (L1023L) was
115 pg/ml. Given this background for the autologous tumor, it was deter-
mined that the high level of TGF-f in the supernatant in the Treg-added
groups was derived from the autologous Tregs. Treg, regulatory T cell.
MLTC, mixed lymphocyte-tumor cell culture; ELISA, enzyme-linked
immunosorbent assay.

Discussion

The accumulation of CD4*CD25* immunosuppressive
Tregs in tumors has been reported in various types of
cancer (19-26). Tregs are known to be a key contributor to
the maintenance of immune tolerance, preventing the emer-
gence of organ-specific autoimmune diseases (19). These
cells constitute 2-3% of the CD4* T cells in the peripheral
blood (20). Patients with various types of cancer exhibited
higher numbers of Tregs in their peripheral blood than
healthy donors (21), and high numbers of tumor-infiltrating
Tregs have been reported in patients with hepatocellular,
lung, ovarian, gastric, esophageal and breast cancer (22-25).
Emerging evidence suggests that Tregs have a major effect
on suppressing antigen-specific tumor immunity (24).
Furthermore, three recent studies showed that the amount
of tumor-infiltrating Tregs influenced the prognosis of
ovarian and breast cancer, as well as gastrointestinal stromal
tumors (22-26). Our present study showed that Tregs were
present at a higher frequency in the TILs and RLNLs
compared with the PBLs in patients with lung cancer.

There have been few investigations regarding the immu-
nological role of Tregs in the RNLN of NSCLC patients.
However, Tregs were considered to contribute to the suppres-
sion of antitumor immunity by inhibiting the induction of
CTLs in the local region of the tumor and regional lymph
nodes. In addition, Petersen et al reported that stage I NSCLC
patients with a higher proportion of Tregs among their TILs
had a significantly higher risk of recurrence (27).

We have previously reported that TGF- production
varied among lung cancer cell lines, and that the induction of
CTLs tended to fail against tumor cell lines with a high level
of TGF-f production (18). In that study, as a higher production
of TGF-f in the tumor cells was noted, a lower induction of
CTLs was observed. TGF-f3 was demonstrated to be neces-
sary to maintain Tregs in in vitro culture (28). In the present
study, the TGF-f levels in the supernatant of the culture
medium following MLTC in the 1 and 5% Treg-added groups
were higher than those in the Treg-depleted group. Taking



into account the background level of TGF-f derived from the
autologous tumor, the high level of TGF-f in the supernatant
in the Treg-added groups was considered to be ascribable to
its production from autologous Tregs. Furthermore, the effi-
ciency of CTL induction was increased by the depletion of
Tregs in MLTC.

Wieczorek et al reported that the proportion of Tregs is
significantly increased in the peripheral blood of patients
with interleukin 2-treated melanoma and in the tumor tissue
of patients with lung and colon carcinomas (29). Conversely,
they showed that immunosuppressive therapy, including the
use of therapeutic antibodies against CD25 (IL-2Ra), leads
to a significant reduction of Tregs from the peripheral blood
of transplantation patients. In addition, the Treg numbers are
elevated in the peripheral blood of patients with various solid
tumors. Foxp3 is currently the only marker that is exclusively
expressed in Tregs. However, Foxp3 is an intranuclear mole-
cule, and therefore cannot be depleted using a monoclonal
antibody. Further studies on the mechanism(s) of action for
Foxp3 may identify molecular targets that could be useful to
specifically suppress the function of Tregs.

Cytotoxic T lymphocyte-associated antigen 4 (CTLA-4)
is a co-inhibitory molecule expressed by Tregs (30-33). The
CTLA-4 in Tregs plays a significant role in maintaining
immune homeostasis by downregulating T cell signaling
to inhibit the CD28-B7 co-stimulatory pathway, limiting
T cell responses and contributing to the tolerance to self-
antigens (34,35). A blockade of CTLA-4 signaling has been
shown to augment tumor-specific T cell responses, and to
induce tumor rejection in a number of animal models (36-38).
Two monoclonal antibodies against human CTLA-4 were
found to elicit objective and durable tumor responses in
clinical trials (39-43). However, anti-CTLA-4 therapy had
a major drawback, as adverse effects such as autoimmune
enterocolitis and depigmentation occurred. These problems
may be resolved by better dose control of the anti-CTLA-4
antibody and the design of an efficient drug delivery system
for the tumor environment.

Yamaguchi et al reported that natural Tregs constitutively
express high amounts of the folate receptor 4 (FR4), a subtype
of the receptor for the vitamin folic acid, and this high expres-
sion of FR4 distinguishes them from other naive or activated
T cells (44). In addition, combinations of FR4 and CD25 may
be used to distinguish between four functionally different
CD4* T cell subpopulations; i.e., natural Tregs, effector T cells,
memory-like T cells and naive T cells. The administration of
an anti-FR4 monoclonal antibody specifically reduced Treg
cells, provoking effective tumor immunity in tumor-bearing
animals, whereas a similar treatment of normal young mice
elicited autoimmune disease (44). The minimum dose required
for tumor control or the development of a delivery system that
specifically targets the tumor environment should be investi-
gated in further studies.

In conclusion, the results of this study suggest that Tregs
are present at a high frequency in RLNLs and TILs, and they
are considered to contribute to the suppression of antitumor
immunity by inhibiting the induction of CTLs in the regional
lymph nodes. The TGF-f production of Tregs was associated
with the suppression of CTL induction, and the depletion of
Tregs could result in a more efficient induction of CTLs.
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