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Abstract Purpose: Regulatory T cells (T regs) can inhibit
immune responses mediated by T cells. It has been
shown that there is an increased proportion of T regs in
several different human malignancies, although the ac-
tual mechanism remains unclear. In the present study,
we evaluated the prevalence of CD4(+)CD25"¢" T regs
in PBMCs from patients with gastric and esophageal
cancers in relation to the clinical outcome. Methods:
PBMCs in 72 patients with gastric cancer and 42 pa-
tients with esophageal cancer were evaluated for the
proportion of CD4(+)CD25Me" T cells, as a percentage
of the total CD4(+) cells, by flow cytometric analysis
with triple-color staining. Actuarial overall survival
rates of the patients were analyzed by the Kaplan—-Meier
method. Results: The percentages of CD4(+)CD25Meh
T cells for cases of gastric cancer (4.9+1.2%) and
esophageal cancer (5.2 +2.1%) were significantly higher
than those for healthy donors (1.9+1.1%, P<0.01).
There were si%niﬁcant differences in the prevalence of
CD4(+)CD25"e" T cells between the early and
advanced disease stages, both in gastric cancer (stage |
vs. III, P<0.05; stage I vs. IV, P<0.05) and esophageal
cancer (stage I vs. IV, P<0.05). The patients with a high
proportion of CD4(+)CD25"" T cells showed poorer
survival rates in comparison to those with a low pro-
portion, in both gastric and esophageal cancers. After
patients received curative resections of gastric cancers
(n=>57), the increased proportions of CD4(+)CD25"eh
T cells were significantly reduced, and the levels were
almost equal to those in normal healthy donors. In
addition, studies of gastric cancer patients with post-
operative recurrent tumors (n=6) revealed that the
prevalence of CD4(+)CD25Me" T cells individually
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increased comgared to 2 months after the operations.
CD4(+)CD25"e" T cells expressed FOXP3 mRNA and
had abundant CD45RO and intracellular CTLA-4
molecules. Conclusions: These results strongly suggest
that tumor-related factors induce and expand

CD4(+)CD25Me" T regs.
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Introduction

Regulatory T cells (T regs) are thought to be a func-
tionally unique population of T cells, and function to
maintain immune homeostasis [1-4]. T regs can inhibit
immune responses mediated by CD4(+) and CD8(+) T
cells, and it was reported that T regs play an important
role in preventing allograft rejection, graft-versus-host
disease, and autoimmune disease [5, 6].

Within CD4(+) T cells with a suppressive function,
there are at least three different cell populations:
CD25(+)CD4(+ )-naturally occurring T regs, IL-10-
producing Trl cells, and Th3 cells [7-14]. Furthermore,
although CD25(+)CD4(+ )-naturally occurring T regs
were originally characterized by the coexpression of
CD4 and CD25 in mice, it has recently been shown in
humans that the CD4(+)CD25"" subset corresponded
to naturally occurring T regs populations with a sup-
pressive capacity, while CD4(+)CD25™ T cells con-
taminated effector or memory T cells with no
suppressive capacity [15-17].

There is accumulating evidence that increased popu-
lations of T regs are present in patients with gastric
cancer [18-20], colorectal cancer, gall bladder cancer,
pancreatic cancer [20, 21], ovarian cancer [22], and lung
cancer [23]. Moreover, we showed that the population of
T regs in tumor-infiltrating lymphocytes (TILs) of
patients with advanced gastric cancer was significantly
larger than that of TILs in patients with early gastric
cancer [18].



There is no clear evidence to suggest the mechanisms
for the induction of T regs in cancer-bearing hosts. It has
recently been shown that tumor cells and microenvi-
ronmental macrophages produce the chemokine CCL20,
which mediates the trafficking of T regs to the tumor
[24]. Also, we have shown that the Ilevels of
CDA4(+)CD25" " T regs in tumor-draining lymph nodes
adjacent to tumors were greater than those distant from
tumors [25]. These data indicate that tumor-derived
factors may induce and expand T regs pools.

In the present study, we evaluated the prevalence of
CD4(+)CD25"e" T regs in PBMCs from patients with
gastric and esophageal cancers, and clarified the corre-
lation between prevalence and clinical outcome for the
patients.

Materials and methods
Patients

Seventy-two patients with gastric cancer and 42 patients
with esophageal cancer, who were treated in the Uni-
versity of Yamanashi Hospital from 1999 to 2000, were
enrolled in the present study, and their clinical features
were evaluated according to the TNM classification for
gastric and esophageal cancers. The patients with gastric
cancer were 70.8 £ 18.3 years old (mean + SD), and 40
patients were men and 32 were women. Thirty-six tu-
mors belonged to stage I, 8 were stage II, 8 were stage
II1, and 20 tumors were stage IV.

The patients with esophageal cancer were 72.9+
11.3 years old, and 40 patients were men and 2 were
women. Three tumors belonged to stage I, 16 were stage
II, 15 were stage III, and 8 tumors were stage IV.

None of the patients received radiotherapy, chemo-
therapy, or other medical interventions before the study.
This study was approved by the ethical committee of the
University of Yamanashi, and written informed consent
was obtained from all individuals.
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Fig. 2 Increased populations of CD4(+)CD25"e" T cells in
PBMCs from patients with %astric and esophageal cancers. The
percentages of CD4(+)CD25M" T cells in cases of gastric (n="72,
49+1.2%) and esophageal cancers (n=42, 5.2+2.1%) were
significantly higher than those of healthy donors (n=16,
1.9+1.1%, P<0.01). There were significant differences in the
prevalence of CD4(+)CD25ME" T cells between stage I and 111
(P<0.05), stage I and IV (P<0.05) in gastric cancer, as well as
stage I and IV (P <0.05) in esophageal cancer. Stage classification
was defined according to the TNM classification

Cell preparations

PBMCs were isolated with a Ficoll (Amersham, Uppsala,
Sweden) density gradient and routinely stored in liquid
nitrogen in Cell Stock Media (IBL, Gumma, Japan).

Flow cytometric analysis

PBMCs were stained for molecules to determine their
immunophenotype using anti-CD25-FITC, anti-CD4-
PerCP, anti-CD3-APC, anti-CD152 (CTLA4)-PE, and
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Fig. 1 CD4(+)CD25"" T cells in PBMCs from patients with
gastric and  esophageal cancers. The population of
CD4(+)CD25Me" T cells as a percentage of the total CD4(+)
cells was evaluated by flow cytometric analysis with triple-color
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staining. Representative flow cytometric data from gastric (stage
III) and esophageal cancer patients (stage I1I) and healthy donors
are shown. Rectangular gates indicate CD4(+)CD25"€" T cell
populations
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anti-CD45RO-PE (Dako, Glosprup, Denmark) anti-
bodies. Triple- or four-color flow cytometry was per-
formed using FACSCalibur (Becton Dickinson, San
Jose, CA, USA). Cells were analyzed using Cell Quest
software.

To analyze the prevalence of T regs, CD4(+)
CD25Me" cells after gating on CD3(+) were evaluated
and expressed as a percentage of the total CD4(+) cells.

Intracellular cytokine assay

Briefly, cells were incubated in RPMI 1640 (Sigma-Al-
drich Cheme, Taufkirchen, Germany) with 5% FCS,
2 pl IC block (Biosource, Camarillo, CA, USA), and
2 ul phorbol myristate acetate (PMA, Sigma-Aldrich
Cheme; final concentration of 25 ng/ul) for 4 h at
37°C. After staining with anti-CD25-FITC and anti-
CD4-PerCP (Dako) for 30 min on ice and subsequent
washing, cells were fixed in IC-Fix (Biosource)
for 10 min on ice and washed twice with IC perm
(Biosource). Thereafter, cells were stained with either
the IgG negative control (Biosource), rat anti-human
IL-10-PE (Biosource) or rat anti-human IFN-y-PE
(Biosource) and washed twice.

FOXP3 RT-PCR analysis

CD4(+)CD25Me" T regs were separated by FACS
sorting from PBMCs in gastric cancer patients (n=06).
Total RNA was extracted from sorted CD4( +)CD25"eh
T cells according to the standard protocol with an
RNeasy Minikit (Qiagen K.K., Tokyo, Japan). One
microgram of total RNA was added to the reaction
mixture using the OneStep RT-PCR Kit (Qiagen) and
amplified in a GeneAmp PCR System 9700 (Applied
Biosystems, CA, USA). Specific primers were designed
as follows: FOXP3 primers, CAG CTG CCC ACA CTG
CCC CTA G (forward) and CAT TTG CCA GCA
GTG GGT AG (reverse); fp-actin primers, CTA CAA
TGA GCT GCG TGT GC (forward) and CGG TGA
GGA TCT TCA TGA GG (reverse). After the RT

reaction with one cycle of 30 min at 50°C and 15 min at
95°C, for FOXP3 PCR, the cycling conditions were as
follows: 35 cycles of 45 s at 94°C for denaturation, 45 s
at 59°C for annealing, and 1 min at 72°C for elongation.
The amplified product (382 bp for FOXP3 and 314 bp
for f-actin) was electrophoresed on a 1.2% agarose gel
(Ultra Pure, GIBCO BRL, New York, NY, USA) and
equilibrated in TAE (40 mM Tris—acetate, 2 mM
EDTA). Ethidium bromide (0.5 pg/ml) was added to the
agarose—TAE gels with TAE electrophoresis buffers to
visualize the amplified DNA fragments, and these were
photographed using Polaroid film 667 under UV light.

Statistical analysis

Differences between the values were determined using
the nonpaired or paired Student’s ¢ test. Actuarial
overall survival rates were analyzed by the Kaplan—
Meier method and survival was measured in days from
diagnosis to death or the last review. The log-rank test
was applied to compare the two groups. Multivariate
analysis of prognostic factors for overall survival was
made using Cox’s proportional hazards model. All sta-
tistical analyses were performed using Statview 5.0 for
Windows software and a significant difference was
considered as P <0.05.

Results

Increased populations of CD4(+)CD25"e" T cells
in patients with gastric and esophageal cancers

PBMC:s in patients with gastric cancer (n=72), esoph-
ageal cancer (n=42), and in healthy donors (n =16) were
examined for the prevalence of CD4(+)CD25™E" T cells
as T regs, and the population of CD4(+)CD25"e" T
cells as a percentage of the total CD4(+) cells was
evaluated. In representative flow cytometric data, the
prevalence of CD4(+)CD25Me" T cells in patients with
gastric and esophageal cancers was higher than that in
healthy donors (Fig. 1). Summarized data from all
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CD4(+)CD25Me" T cells in gastric cancer patients
(4.9 £+ 1.2%) and esophageal cancer patients (5.2 +2.1%)
were significantly higher than those of healthy donors
(1.9+1.1%, P<0.01), as shown in Fig. 2. Moreover,
there were significant differences in the prevalence of
CD4(+)CD25Me" T cells between the early and ad-
vanced disease stages, both in gastric cancer (stage I vs.
III, P<0.05; stage I vs. IV, P<0.05) and esophageal
cancer (stage I vs. IV, P<0.05). These observations

disease stage had an increased prevalence of
CD4(+)CD25"e" T cells in PBMCs in comparison to
those with early disease stages or healthy donors.

Characterization of CD4(+)CD25"2" T cells

In order to characterize the CD4(+)CD25M" T cells
tested, we analyzed markers such as CD45RO and
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Table 1 Significance of prognostic factors in multivariate survival analysis for patients with gastric and esophageal cancers

Gastric cancer

Esophageal cancer

Hazard ratio 95% CI P value Hazard ratio 95% CI P value
CD4(+)CD25Me! T cells
High 1.0 - - 1.0 - -
Low 0.81 0.93-4.57 0.71 0.72 0.30-1.41 0.56
Primary tumor®
PTis-pT1b 1.0 - - 1.0 - -
PT2 2.85 0.92-5.18 0.74 4.21 1.06-19.52 0.04
PT3 2.28 0.61-11.55 0.63 2.93 0.66-13.95 0.11
Lymph node metastasis
Negative 1.0 - - 1.0 - -
Positive 1.19 0.62-1.87 0.80 1.95 0.40-9.08 0.33
Stage®
0-2 1.0 - - 1.0 - -
34 2.01 0.91-3.05 0.09 291 0.50-12.53 0.75

“The grade of tumor and stages were defined according to the UICC (TMN) classification

intracellular CTLA-4 (CD152). The expressions of
CTLA-4 and CD45RO were analyzed in the gated
CD4(+)CD25Me" T cells. Representative flow cytometric
data from gastric cancer patients with advanced disease
stages showed that most of the CD4(+)CD25"" T cells
expressed CD45RO and intracellular CTLA-4 (Fig. 3).

Furthermore, representative flow cytometric data
with intracellular cytokine staining showed that
CD4(+)CD25"e" T cells derived from gastric can-
cer patients with advanced disease stages produced
small amounts of IL-10 (Fig. 4a). In contrast,
CD4(+)CD25™ T cells produced large amounts of IL-
10 (Fig. 4b). Furthermore, CD4(+)CD25™" T cells as
well as CD4(+)CD25™ T cells did not produce sig-
nificant amount of IFN-y (Fig. 4a, b), in line with
previous reports [15-18, 25]. Thus, CD4(+)CD25"¢" T
cells separated from PBMCs in the patients corre-
sponded to CD25(+)CD4(+ )-naturally occurring
T regs [15-17].

FOXP-3
(382bp)

Pactin
(314bp)

Samples 1 2 3 4 5 6

Fig. 5 FOXP3 mRNA analysis of CD4(+)CD25"e" T cells.
CD4(+)CD25Me" T regs were separated by FACS sorting on
CD4(+)CD25Me" T cells in PBMCs from gastric cancer patients
(stage III and IV). Total RNA was extracted from sorted
CD4(+)CD25Me" T cells (samples 1-4) or CD4(+)CD25int T
cells (samples 5, 6) and RT-PCR analyze specific for FOXP3
mRNA was performed

FOXP3 analysis of CD4(+)CD25"&" T cells

CD4(+)CD25"e" T regs were separated by FACS
sorting from the PBMCs of gastric cancer patients
(n=6). Total RNA was extracted from sorted
CD4(+)CD25"" T cells and RT-PCR analyze specific
for FOXP3 mRNA was performed. Representative RT-
PCR analysis is shown in Fig.5 and sorted
CD4(+)CD25"" T cells showed FOXP3 specific bands,
indicating that CD4(+)CD25"&" T cells corre-
sponded to CD25(+)CD4(+ )-naturally occurring T
regs [15].

Survival rates of patients in relation to the prevalence
of CD4(+)CD25Me" T cells

When the patients were separated into high or low
prevalence of T regs groups, classified by the mean
values of CD4(+)CD25"e" T cells (4.9% for gastric
cancer and 5.2% for esophageal cancer), the gastric
cancer patients with high numbers of CD4(+)CD25"e"
T cells (stage I, n=>5; stage 11, n=6; stage I11, n="7; stage
IV, n=20) showed significantly poorer survival rates
in comparison to those with low numbers of
CD4(+)CD25"e" T cells (stage I, n=31; stage I, n=2;
stage III, n=1) (Fig. 6a). Similarly, esophageal cancer
patients with high numbers of CD4(+)CD25"E" T cells
(stage I, n=1; stage II, n=2; stage III, n=11; stage
IV, n=28) showed significantly poorer survival rates
in comparison to those with low numbers of
CD4(+)CD25Me" T cells (stage I, n=2; stage II, n=14;
stage III, n=4) (Fig. 6b). ‘

To assess whether prevalence of CD4(+)CD25Meh T
cells represented a prognostic parameter, we used Cox’s
proportional hazards model. The covariate parameters
included stage of the disease, depth of tumor invasion,
lymph-node metastasis, and prevalence of CD4(+)
CD25"e" T cells. Multivariate analysis revealed that the



Fig. 6 Survival rates of patients
in relation to the prevalence of
CD4(+)CD25M20 T cells.
PBMCs were separated prior to
the operation and analyzed

for the prevalence of
CD4(+)CD25Me" T cells. When
the patients were separated into
high or low prevalence of T regs
groups, classified by the mean
values of CD4(+)CD25bieh

T cells, gastric cancer patients
with high CD4(+)CD25%eh

T cell levels (n=38) showed
poorer survival rates in
comparison to those with low
CD4(+)CD25"Me" T cell levels
(n=34), analyzed by the log- 0
rank test (a). Similarly,
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prevalence of CDA4(+)CD25"&" T cells was not an
independent prognostic factor (Table 1).

Clinical significance of the prevalence of
CD4(+)CD25"MeM T cells

In order to clarify the levels of CD4(+)CD25"e" T
cells in PBMCs from patients with or without tumor-
bearing status, we compared preoperative and post-
operative (2 months after the operation) levels. After
patients received curative resections of gastric
cancers (n=57), the increased proportions of
CD4(+)CD25"e" T cells were significantly reduced,
and the levels were almost equal to those in healthy
donors (Fig. 7a). In addition, studies of gastric cancer
patients with postoperative recurrent tumors (n=06)
revealed that the prevalence of CD4(+)CD25Me" T
cells individually increased compared to the periods
without tumors (Fig. 7b). These results strongly
suggest that tumor-related factors induce and expand
T regs.

Discussion

The current report provides evidence for the relationship
between the prevalence of CD4(+)CD25"¢" T regs in
PBMC:s and the clinical outcome in patients with gastric
and esophageal cancers. We showed that patients with
high levels of CD4(+)CD25"e" T cells showed more
advanced stages and poorer survival rates in comparison
to those with low CD4(+)CD25"" T cell levels. Fur-
thermore, after patients had received curative resections
of tumors, the increased levels of CD4(+)CD25"e" T
cells significantly decreased to the levels of healthy do-
nors.

Increased proportions of CD4(+)CD25(+) T cells in
PBLs and TILs have been reported in several different
human malignancies [18-23]. We recently reported
about increased populations of CD4(+)CD25(+) T
cells in PBL and TILs [I8], and elevated
CD4(+)CD25"e" T cell levels in the tumor-draining
lymph nodes [25] of patients with gastric cancer. In the
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present study, we confirmed the increased prevalence of
CD4(+)CD25"e" T cells in PBMCs in larger cohorts in
cases of gastric and esophageal cancers. Furthermore,
we showed that patients with high levels of CD4(+)
CD25ME" T cells revealed poorer survival rates in com-
parison to those with low CD4(+)CD25"€" T cell levels,
in line with previous reports [20, 24]. However, multi-
variate analysis in the present study revealed that the
prevalence of CD4(+)CD25"&" T cells was not an
independent prognostic factor. Since the sample size of
the present study was limited and the groups were not
sufficiently matched in composition, further studies will
be needed to draw valid conclusion for the prognostic
factor.

71, %

Paired #-test
p<0.05
n=57

0 T r )
Pre-ope Post-ope

71 %

Paired z-test
p<0.01
n=6

Pre-recurrence Post-recurrence

Fig. 7 Clinical course of patients in relation to the prevalence of
CD4(+)CD25"e" T cells. The prevalence of CD4(+)CD25"e! T
cells between preoperative and postoperative (2 months after the
operation) periods are shown in a. After patients had received
curative resections of gastric cancers (n=157), the increased levels of
CD4(+)CD25Me" T cells were significantly reduced, analyzed by
the paired ¢ test (a). In addition, studies for gastric cancer patients
with postoperative recurrent tumors (n =0, 1gostrecurrence) showed
that the prevalence of CD4(+)CD25Me" T cells individually
increased in comparison to 2 months after the operation (prere-
currence) (b)

It has recently been shown that human CD4(+)
CD25(+) T cells are not homogenous, and can be split
into suppressive and nonsuppressive fractions by sorting
CD25"e" and CD25™ cells [15]. Furthermore, it was
proposed that only a subset of high levels of CD25 and
CTLA-4 molecules within CD4(+)CD25(+) T cell
populations was capable of inducing a suppressive
function, and that there was a difference in cytokine
production profiles between CD25"2" and CD25™" cells
within CD4(+)CD25(+) T cells [15-17, 26, 27]. In the
present study, we focused on CD4(+)CD25Me" T cells
as CD25(+)CDA4(+ )-naturally occurring T regs and
evaluated the prevalence of CD4(+)CD25"" T cells in
PBMCs. These subsets showed strong expressions of
intracellular CTLA-4 and CD45RO and small amounts
of IL-10 production, as indicated in a Erevious report
which suggested that CD4(+)CD25"&" T cells may
correspond to human naturally occurring T regs [15]. In
addition, we confirmed FOXP3 mRNA expression on
CD4(+)CD25"" T cells in the present study. These
results indicate that the population of CD4(+)CD25"eh
T cells in the present study correspond to human natu-
rally occurring T regs. Since there is still a debate
regarding the marker of T regs [15], further studies are
required at a cloned T cell level or at a molecular level
which targets more specific markers or functional pro-
files.

There is no clear evidence to suggest the mechanisms
for the induction of T regs in cancer-bearing hosts.
However, there are several possibilities, including the
specific expansion of T regs induced by cancer-derived
factors, or physiological defense phenomena against
continuous inflammation induced by cancer. It has
recently been shown that tumor cells and microenvi-
ronmental macrophages produce the chemokine CCL20,
which mediates the trafficking of T regs to the tumor
[24]. Also, we have shown that the Ilevels of
CD4(+)CD25"2" T regs in tumor-draining lymph nodes
adjacent to tumors were greater than those distant
from tumors [25]. Furthermore, in the present study,
we reported that after patients had received curative
resections of tumors, the increased levels of
CD4(+)CD25"e" T cells were significantly reduced, and
that the levels recovered to those of healthy donors.
These results strongly suggest that tumor-derived factors
may induce and expand T regs pools, although the
precise mechanisms regulating CD4( +)CD25"#" T regs
remain unknown.

Recently, immunotherapy for cancer, including can-
cer vaccination or adoptive transfer of T cells, has been
tested, but the results suggested it was limited in the
effect on the regression of established tumors [28, 29].
The increased population of T regs, especially in the
tumor environment, is one of the problems to be
resolved in cancer immunotherapy. It was shown that
the efficacy of therapeutic vaccination for cancer
could be enhanced by removing T regs [30]. A better
understanding of the underlying mechanism of T regs



regulation or a strategy for controlling T regs may lead
to more effective immunotherapies against cancer.
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