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CD4+ regulatory T cells in gastric cancer mucosa are proliferating
and express high levels of IL-10 but little TGF-b
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Abstract

Background An increase of regulatory T cells, defined as

CD25high- and/or FOXP3?-expressing CD4? T cells,

within tumors has been reported in several studies. Tregs

promote tumor growth by modulating the antitumor

immune response, mainly through inhibition of T-cell-

mediated tumor cell killing: this has been suggested to be

dependent on IL-10 and/or TGF-b. In stomach cancer, the

mechanisms behind the accumulation of Tregs in tumor

tissue has not been fully elucidated, and neither has Treg

gene expression in situ.

Materials and methods Stomach tissue fromgastric cancer

patients undergoing gastric resection was analyzed using

flow cytometry and cell sorting, followed by RT-PCR.

Results We observed that stomach CD4? FOXP3? T

cells proliferated to a higher degree than CD4? FOXP3- T

cells, which may contribute to Treg accumulation in the

mucosa. By analyzing DNA methylation, we demonstrated

that both proliferating and nonproliferating FOXP3? T

cells exhibited complete demethylation of the FOXP3

gene, indicating a stable FOXP3 expression in both cell

populations. Furthermore, analysis of T-cell populations

isolated directly from the tumor and tumor-free mucosa

demonstrated that CD4? CD25high T cells have a higher IL-

10/IFN-c gene expression ratio but express lower levels of

TGF-b than CD4? CD25low/- T cells.

Conclusion We demonstrate strong proliferation among

regulatory CD4? FOXP3? CD25high T cells in the gastric

cancer mucosa. These local Treg express a suppressive

cytokine profile characterized by high IL-10 and low TGF-

b and IFN-c production.
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Introduction

Gastric adenocarcinoma is the third most common cause of

cancer death worldwide, after lung cancer and liver cancer

[1]. Although an unhealthy diet and smoking increase risk,

the main risk factor for developing gastric cancer is

infection with the bacterium Helicobacter pylori [2]. The

mechanism by which H. pylori causes cancer is not fully

understood, but it is currently believed to be mediated by

the active chronic inflammation induced by the bacterium,

and the process is dependent on certain combinations of

bacterial pathogenicity, host susceptibility, and environ-

mental factors [3]. An important carcinogenic component

of H. pylori is the oncoprotein cagA, which is translocated

into gastric epithelial cells where it alters host intracellular

signaling [4]. Translocated cagA is rapidly degraded in

normal gastric epithelial cells, but it may be retained in its

active form in gastric stem cells and thereby increase the

risk of carcinogenicity [5].

For a tumor to become established, the tumor cells need to

find a means to evade the immune system to avoid destruc-

tion by cell-mediated immune mechanisms [6]. This immune

evasion may occur in different ways, including the
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production of inhibitory cytokines and metabolites such as

interleukin (IL)-10, transforming growth factor (TGF)-b, and
prostaglandins by the tumor cells themselves or by macro-

phages infiltrating the tumor [7]. In recent years, recruitment

of regulatory T cells (Tregs) within tumors has been

demonstrated to be an immune evasion mechanism [8, 9].

Increased numbers of regulatory T cells have been shown in

the tumor mucosa of many cancer types, including ovarian

cancer, small cell lung cancer, breast cancer, colorectal

cancer, and gastric cancer [10–12], and Tregs have been

associated with poor outcomes in gastric cancer [13, 14].

Tregs are generally characterized by expression of CD4,

of high levels of CD25 (CD25high), and of the transcription

factor FOXP3, which has been linked to suppressive activity

in both humans and mice [15, 16]. Initial studies of CD4?

CD25high FOXP3? Treg reported that the regulatory cells

only originate from the thymus and then migrate to the

periphery, but more recently it was shown that FOXP3

expressionmay also be induced in non-Treg (CD4?CD25-)

cells [17–19]. We have previously shown that individuals

with gastric cancer or H. pylori infection have higher levels

of CD4?CD25high Treg in the mucosa [20, 21] and that the

frequency of FOXP3-expressing T cells is increased in the

gastric tumor mucosa compared to tumor-free gastric

mucosa [22]. The increase in FOXP3-expressing Tregs in

tumor mucosa may be caused by increased recruitment of

CCR4-expressing Tregs into the tumor [22, 23]. However, in

light of the finding that FOXP3 expressionmay be induced in

the periphery, an alternative explanation to the increased

numbers of Tregs in tumors could be that CD4?CD25- non-

Treg cells are induced to express FOXP3 in the mucosa.

There is also a possibility that the increased numbers of

FOXP3-expressing cells are caused by induced proliferation

of Tregs within the tumor; in line with this, it was recently

shown that hepatic cancer cells cultured together with

peripheral blood mononuclear cells (PBMC) promote CD4?

CD25high T-cell proliferation and inhibit CD4? CD25-

T-cell proliferation [24].

In this study, we investigated whether local proliferation

of Treg in the tumor mucosa may be a putative explanation

for the higher number of Tregs observed. Furthermore, we

confirmed the suppressive phenotype of the Treg cells from

the gastric mucosa by studying CTLA-4 and CD27

expression in CD4? FOXP3? cells as well as by analyzing

cytokine gene expression of sorted CD4? CD25high T cells.

Methods

Subjects and sample collection

Thirteen patients with non-cardia gastric adenocarcinoma

(median age, 78 years; age range, 63–85 years; 4 females)

undergoing total or partial distal gastrectomy at Sahlgren-

ska University Hospital were included in the study. Patients

with gastric cardia adenocarcinoma were excluded because

this subtype of gastric cancer is not related to infection with

H. pylori [25]. A blood sample as well as resection material

of gastric tumor and tumor-free (defined as tissue with

normal visual appearance located at least 5 cm from the

nearby tumor) mucosa were collected from each patient.

Five persons (median age, 68 years; age range, 57–75

years; 3 females) without diagnosed gastric cancer were

used as healthy controls; from these controls, only blood

samples were collected.

The resection material was used for isolation of

lamina propria lymphocytes and for RNA extraction.

For each patient, the H. pylori status was evaluated by

different tests, including culture on Columbia-Iso agar

plates, quantitative real-time polymerase chain reaction

(PCR) [26], and serology tests, where H. pylori status

was determined by in-house enzyme-linked

immunoassay (ELISA) methods [27], as well as with an

EIA-G III ELISA kit (Orion Diagnostics, Finland) and

summarized in Table 1. There were no differences in

any of the subsequent analyses between H.p.? and

H.p.-; therefore, all cancer patients were grouped

together in the figures. The study was approved by the

human research ethics committee at University of

Gothenburg, and informed consent was obtained from

each volunteer before participation. None of the

patients had undergone radiotherapy or chemotherapy

before gastrectomy.

Isolation of lymphocytes and flow cytometry analysis

Lamina propria lymphocytes (LPL) were isolated using

collagenase/DNAse enzymatic digestion, as previously

described [28]. From heparinized venous blood, peripheral

blood mononuclear cells (PBMC) were isolated by density-

gradient centrifugation on Ficoll-Pague (GE Healthcare

Bio-Sciences, Sweden). The cells were stained for cell-

surface expression using optimal concentrations of anti-

CD4-FITC, anti-CD8-PerCP, anti-CD25-PE, or anti-CD27-

PE antibodies followed by intracellular staining of FOXP3-

APC (antibody clone PCH101) and/or Ki-67-PE or CTLA-

4-PE using permeabilization buffer (eBioscience, San

Diego, CA, USA) according to the protocol of the manu-

facturer. After staining, the cell were fixed in formaldehyde

and analyzed by flow cytometry using a FACSCalibur

equipped with a blue and a red laser (BD, San Jose, CA,

USA). Because of criticism of the anti-FOXP3 antibody

clone PCH101 [29], we first confirmed that PCH101 yiel-

ded identical staining as the clone 259D in our ex vivo

samples [30].
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RNA isolation

The mucosal tissue material collected from gastric cancer

patients was immediately placed in RNAlater (Ambion) and

stored at-70 �C until extraction of RNA. Isolated LPL and

PBMC were sorted into CD4? CD25high and CD4?

CD25low/- T cells using a FACSVantage SE (BD Bio-

science) as previously described [20]. The cells were placed

in lysis buffer with 1 % b-mercaptoethanol and stored at

-70 �C until extraction of RNA. Total RNA from equal

numbers of sorted CD4? CD25high and CD4? CD25low/- T

cells were extracted from each patient (10,000–50,000 cells

per patient), using the RNeasy Micro Kit (Qiagen, Hilden,

Germany) according to the description of the manufacturers,

and kept at -70 �C until further use.

Quantitative real-time RT-PCR

Preparationof cDNAfromRNAof sorted cellswas performed

by using the Sensiscript Kit (Qiagen) and random hexamers.

Taqman gene expression assays for IL-10, TGF-b, interferon
(IFN)-c, and HPRT1 were purchased from Applied Biosys-

tems. The real-time PCR reactions were run in 96-well plates

using the standard amplification conditions described for the

7500 Real Time PCR System (Applied Biosystems); each

reaction contained 2 ll cDNA, 19 Universal PCR Master

Mix, 1 ll primer mix, and ribonuclease-free water in a total

volume of 20 ll. All reactions were run in duplicate and the

average Ct value for each sample was calculated. Relative

quantification was done using HPRT as the housekeeping

gene [31]. A calibrator sample was included and run on each

individual plate to allow comparisons between results

obtained from different runs.

DNA isolation and methylation analysis

Isolated PBMC were stained for flow cytometry analysis and

sorted using a FACSAria cell sorter into CD4? FOXP3?

Ki67?, CD4? FOXP3? Ki67-, and CD4? FOXP3- popula-

tions. Genomic DNA from these cell populations was isolated

and bisulfite converted using an EZ DNA methylation kit

(ZYMO Research, Orange, CA, USA) according to the

instructions of the manufacturer. The FOXP3 promoter region

was amplified by PCR using forward primer 50-
TGGTGAAGTGGATTGATAGAAAAGG-30 and reverse

primer 50-TATAAAAACCCCCCCCCACC-30 at an annealing
temperature of 58 �C.ThePCRproductswere then subjected to

methylation-sensitive single-NUcleotide primer-extension

analysis (Ms-SNUPE) by using an ABI prism SNaP shotTM

multiplex kit (Applied Biosystems) according to the manu-

facturer instructions. The primer used for Ms-SNUPE analysis

was 50-AAAAAAATTTAAATTATTAAAAAAAAAAAAT
CTAC-30. Finally, the samples were subjected to capillary

electrophoresis on anABI prism 3730 genetic analyzer, and the

corresponding peaks were analyzed by using the Gene mapper

V 3.7 software.

Statistical analysis

Differences between the groups were assessed using the

Mann–Whitney or Wilcoxon tests, as described in the

figure legends.

Table 1 Characteristics of gastric adenocarcinoma patients included in the study

Patient

number

Age Gender H. pylori

culture

H. pylori

serologya
H. pylori

PCR

Location Lauren

classification

LN

metastasesb

1 76 F ? ?/?/? Nt Corpus –

2 75 F - -/?/? Nt Corpus –

3 80 M - ?/?/? Nt Corpus –

4 70 F - -/?/? Nt Antrum/corpus Diffuse Yes

5 63 M - ?/?/? Nt Antrum Yes

6 78 F - ?/?/? Nt Antrum Intestinal Yes

7 78 F - -/-/Nt - Corpus Intestinal No

8 81 M ? -/?/Nt ? Antrum Intestinal Yes

9 85 M - ?/?/Nt - Antrum Diffuse Yes

10 72 M - -/-/? - Antrum Intestinal Yes

11 64 M - -/-/- - Antrum Diffuse Yes

12 78 M - ?/?/Nt - Corpus Intestinal No

13 79 M - ?/?/Nt ? Corpus Intestinal Yes

Nt = not tested, PCR = polymerase chain reaction, H. pylori = Helicobacter pylori
a In-house IgG/in-house IgA/commercial IgG ELISA
b LN metastases = metastases in regional lymph nodes
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Results

CD25high FOXP31 CD41 T cells increase

in the gastric tumor mucosa

First, using flow cytometry we confirmed our previous

findings that the frequency of FOXP3? cells increases in

gastric tumor mucosa. Thus, tumor cells showed a twofold

increase in CD4? FOXP3? T cells compared to the adja-

cent tumor-free mucosa (p = 0.002) (Fig. 1a). The loca-

tion of the tumor (antrum/corpus) did not influence the

level of FOXP3? cells (data not shown). Human CD4? can

be divided into three different subpopulations with respect

to intensity of CD25 expression: CD25high, CD25low, and

CD25neg; this was also true for mucosal FOXP3-expressing

CD4? T cells (Fig. 1b). In tumor and tumor-free mucosa,

50–60 % of FOXP3? cells were CD25low and 20–25 %

were CD25neg (not shown). The CD25high subpopulation,

which was 15 % of FOXP3? cells in tumor-free mucosa,

increased twofold in tumor tissue (p = 0.001) (Fig. 1c).

Thus, in tumors the total number of FOXP3? cells

increased, as well as the relative frequency of CD25high

cells within the FOXP3 population, demonstrating an

increased number of Tregs in gastric tumor tissue.

Gastric tumor mucosa has an increased Treg to CD8

ratio

The presence of cytotoxic CD8 T cells is associated with

increased survival in colon cancer [32], and strong antitu-

mor CD8 T-cell response would be expected to be bene-

ficial for survival in gastric cancer. We therefore

determined the relationship between CD8 T cells and

CD4? FOXP3? T cells in the mucosa by flow cytometry.

We found that there was a threefold increase of CD4?

FOXP3? T cells relative to CD8? T cells in the tumor

mucosa compared to tumor-free mucosa, in which there

was a similar ratio as in the peripheral blood (p = 0.008)

(Fig. 1d). This finding indicates that there is a high degree
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Fig. 1 Analysis of FOXP3,

CD25, and CD8 in gastric and

peripheral blood T cells of

gastric cancer patients. Isolated

lamina propria lymphocytes

from tumor and tumor-free

gastric mucosa, and peripheral

blood mononuclear cells

(PBMC), were stained with anti-

CD4-FITC, anti-CD25-PE, anti-

CD8-PerCP, and anti-FOXP3-

APC, and analyzed by flow

cytometry. a Frequencies of

FOXP3? cells among CD4? T

cells. b Contour plots show

CD25 and FOXP3 expression

among CD4 T cells in one

representative subject of nine.

The three central rectangles

show CD25-, CD25low, and

CD25high FOXP3? cells,

respectively. c Frequencies of

CD25high FOXP3? T cells.

d Fractions of the FOXP3?

T-cell frequencies divided by

the CD8 T-cell frequencies. In

the box plots, the horizontal line

represents the median, the box

edges show the interquartile

range (first and third quartile),

and the whiskers represent

maximum and minimum values,

with the exception of outliers. If

present, outliers ([1.5 9

interquartile range) are shown

as dots. In all cases, n = 9

patients were tested; p values

refer to Mann–Whitney tests
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of immunosuppressive activity relative to the antitumor

defense capacity in tumor tissue.

Increased proliferation in the gastric tumor mucosa

of CD41 FOXP31 T cells

The mechanisms of increased Treg numbers in tumor tissue

are still incompletely understood. Flow cytometry analysis

of proliferation by Ki-67 staining revealed that there was a

high proportion of proliferating cells among CD4? FOXP3?

T cells. In the tumor mucosa, the proliferation levels were

twofold higher among both CD4? FOXP3? and CD4?

FOXP3- cells compared to tumor-freemucosa (p = 0.0004)

(Fig. 2a, b). FOXP3? cells exhibited the highest prolifera-

tion levels of the two T-cell populations: there was a twofold

higher proliferation among FOXP3? T cells compared to

FOXP3- in both tumor-free and tumormucosa (p = 0.0004)

(Fig. 2b). Furthermore, in peripheral blood both gastric

cancer patients and healthy controls showed increased pro-

liferation among CD4? FOXP3? cells (Fig. 2c).

The DNA CpG methylation of the FOXP3 gene

of CD41 FOXP31 is similar regardless

of proliferation status

FOXP3 expression as a marker for a regulatory T-cell

phenotype has been subject to criticism because conven-

tional CD4? effector T cells transiently express FOXP3

upon TCR stimulation [19, 33, 34]. Several publications

have shown that CpG demethylation of regulatory elements

in the FOXP3 locus support stable expression of FOXP3

and a suppressive phenotype [33, 34]. To address whether

proliferating CD4? FOXP3? T cells were in fact stably

expressing FOXP3 or were activated T cells that transiently

expressed FOXP3, we analyzed the CpG methylation status

of the promoter region of the FOXP3 gene in both prolif-

erating and nonproliferating T-cell populations. Because of

the lack of sufficient T-cell numbers, this analysis was

performed on peripheral blood T-cell populations.

The results showed that although there was about 35 %

demethylation of the FOXP3 promoter in FOXP3- T cells,

both Ki-67? and Ki-67- CD4? FOXP3? T cells exhibited an

almost complete demethylation ([95 % demethylation)

(Fig. 3). Therefore, therewas no difference in themethylation

pattern between proliferating and nonproliferating FOXP3?T

cells, which indicates that even proliferating FOXP3? T cells

are Tregs that are expressing FOXP3 in a stable fashion.
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Fig. 2 Analysis of proliferation among gastric and peripheral blood

T-cell populations. Isolated lamina propria lymphocytes from tumor

and tumor-free gastric mucosa, and PBMCs, were stained with anti-

CD4-FITC, anti-Ki67-PE/isotype-ctrl-PE, and anti-FOXP3-APC, and

analyzed by flow cytometry. a Contour plots show anti-Ki67-PE (left)

or isotype-ctrl-PE (right) staining of CD4? gastric tumor T cells of

one representative individual of eight. b Frequencies of Ki67

expression among FOXP3? and FOXP3- CD4 T cells from tumor

and tumor-free (T-free) mucosa of gastric cancer patients. c Frequen-
cies of Ki67 expression among FOXP3? and FOXP3- CD4 T cells

from peripheral blood of gastric cancer patients (GC) or healthy

controls. In the box plots, the horizontal line represents median, the

box edges show the interquartile range (first and third quartile), the

whiskers depict maximum and minimum values, with the exception of

outliers. Existing outliers ([1.5 9 interquartile range) are shown as

dots. For gastric cancer patients, n = 8; for healthy controls, n = 3.

p values refer to Mann–Whitney tests for comparisons between tumor

and tumor-free mucosa. For comparisons of FOXP3? and FOXP3-

populations, p values refer to Wilcoxon signed-rank tests
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CD41 FOXP31 T cells in gastric cancer mucosa

coexpress CTLA-4 and CD27, indicating

a suppressive phenotype

FOXP3 has been linked to a suppressive T-cell phenotype

[18], but it is not possible to isolate human CD4? FOXP3? T

cells by cell sorting and use them directly for suppression

assays, because intracellular FOXP3 staining kill the cells in

the process. We have previously shown that 90 % of the

CD4? CD25high cells in gastric tumor mucosa express high

levels of FOXP3 and that this cell population is suppressive

[22]. To further analyze the suppressive phenotype of the

gastric FOXP3? T cells, we assessed their expression of

CTLA-4 and CD27, as these markers are linked to suppres-

sive activity [35–37]. We confirmed that 85 % of the ana-

lyzed FOXP3-expressing cells in the tumor mucosa

coexpressed CD27 and nearly 100 % coexpressed CTLA-4

(Fig. 4a–d). Thus, the majority of CD4? FOXP3? T cells in

the tumor and tumor-free gastric mucosa have a suppressive

phenotype. In addition, about 60 % of FOXP3 cells also

expressed CTLA4 in tumor tissue, compared to 15 % in

blood (not shown), demonstrating that in tumor tissue even

FOXP3- T cells may have a suppressive phenotype.

CD41 CD25high gastric T cells produce IL-10,

but CD25low/2 cells have a mixed phenotype

producing both suppressive and inflammatory

cytokines

Finally, to investigate the cytokine expression of the gastric

Treg, we performed RT-PCR analysis of mucosal T cells

sorted into CD4? CD25high and CD4? CD25low/- popula-

tions. To preserve RNA quality when using small amounts

of mucosal T cells, we chose to use non-fixed cells. We

therefore sorted Treg based on CD25 instead of intracel-

lular FOXP3 expression. We found that CD4? CD25high T

cells of both tumor and tumor-free mucosa expressed high

levels of IL-10 (5-fold and 25-fold higher than PBMC

CD25high cells, respectively) (Fig. 5a), but not TGF-b or

IFN-c (Fig. 5b, c). Somewhat surprisingly, CD4?

CD25low/- cells expressed similar levels of IL-10 as CD4?

CD25high cells, and 3- to 6-fold-higher amounts of TGF-b
(Fig. 5a, b). As expected, CD4? CD25low/- cells also

expressed high levels of IFN-c (20- and 28-fold difference

versus CD25high cells) (Fig. 5c), demonstrating a mixed

phenotype in CD4? CD25low/- cells, expressing both

suppressive and proinflammatory cytokines. The IL-10

relative to IFN-c expression was more than 20 fold higher

in CD4? CD25high versus CD4? CD25low/- cells (Fig. 5d),

showing a more uniformly suppressive phenotype of CD4?

CD25high cells.

Discussion

An increase of regulatory CD4 T cells within different

types of tumors has recently been reported in several

studies [12, 36, 37]. It has been suggested that these cells

help the tumor to modulate the antitumor immune response

mainly by inhibiting T-cell-mediated tumor killing [38,

39]. The suppressive activity has been assigned to the

partially overlapping CD4? CD25high [40] as well as the

CD4? FOXP3? T-cell populations [22, 33]. There is also

evidence of tumor antigen-specific Tregs [41]. Although

expression of FOXP3 has been linked with suppressive

activity, it is not clear whether it is sufficient with FOXP3

expression to confer a Treg phenotype, because ectopic

FOXP3 expression does not always lead to development of

suppressive function [42]. However, FOXP3 expression

seems to be naturally induced in peripheral tissue, and this

leads to acquisition of Treg activity [18].

We have previously shown that stomach mucosal CD4?

CD25high T cells have a suppressive function affecting both

proliferation and IFN-c production of CD4? CD25- T cells

[22]. In this study we have further analyzed the CD4?

CD25high population by analyzing the gene transcription of

IL-10, IFN-c, and TGF-b in sorted cells. The CD4?

CD25high cells were found to have a higher IL-10/IFN-c
expression ratio compared to CD4? CD25low/- T cells,

indicating a uniformly suppressive phenotype of these

cells. TGF-b is known to be an important cytokine for the

regulatory T cells [43, 44], but in our analysis, CD4?

CD25low/- T cells in the mucosa expressed higher tran-

scription levels of TGF-b compared to CD4? CD25high. In

Fig. 3 Analysis of demethylation of the FOXP3 gene. Isolated

peripheral blood CD4 T cells were sorted into FOXP3? Ki67?,

FOXP3? Ki67-, and FOXP3- Ki67- populations by flow cytometry.

Genomic DNA was isolated, and CpG methylation of the FOXP3

promoter was analyzed by methylation-sensitive single-nucleotide

primer extension. Results are expressed as percent demethylation of

the -77 position of the FOXP3 gene (relative to the transcription start

site). As the spread between data points was very low, each individual

(n = 3) is shown as a black dot
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line with this, it has been shown that the suppressive

function of Treg cells from TGF-b1-deficient mice was

abrogated by anti-TGF-b monoclonal antibodies, indicat-

ing that functional TGF-b can be provided by a non-Treg

cell source [45]. This result agrees with our findings: we

show that CD4? CD25high T cells are not the main

producers of TGF-b in gastric tissue, and that CD4?

CD25low/- T cells have a mixed phenotype capable of

producing both suppressive and inflammatory cytokines.

IL-10 production by Treg and other cells is most likely

beneficial for the tumor and detrimental to the patient.

Previously, we have shown that both blood and gastric T

cells from gastric cancer patients produce high levels of IL-

10 after in vitro stimulation [46]. Furthermore, in a recent

study it was shown that IL-10 production by gastric cancer

cells correlates with dramatically reduced survival [47].

The increase of Tregs within tumors may be caused by

several factors modulated by the tumors. Not only is the

recruitment of Tregs increased [22, 23], but induction of

FOXP3 expression at the mucosal site may be promoted by

IFN-c as well as other factors. For instance, gastric cancers

express high levels of the enzyme COX-2 [48, 49], which

mediates production of prostaglandin E2 (PGE2). Treat-

ment of CD4? CD25- T cells with PGE2 has been shown

to upregulate FOXP3 and cause a suppressive function

[50]; this mechanism has also been shown in colon cancer

[41] and lung cancer [51].

In addition to active recruitment or induced expression

of FOXP3 as an explanation for increased Treg numbers,

we investigated a third possibility in this study, and

determined the proliferation of CD4? FOXP3? T cells. Our

data show that there is a significantly higher proportion of

Ki67? among CD4? FOXP3? compared to CD4?

FOXP3- in gastric tumor and nontumor tissue as well as in

peripheral blood. Although high proliferation of CD4?

FOXP3? T cells may contribute to high frequencies of

Treg in the mucosa, our data do not support that prolifer-

ation is the major explanation for higher Treg numbers in

tumor compared to nontumor tissue, because FOXP3?

proliferation is equally increased in both these locations.

The finding of high proliferation among peripheral

blood FOXP3? T cells is supported by another study

demonstrating that Treg from peripheral blood have lower

levels of T-cell-receptor excision circles, which indicated

that the cells have undergone many cell divisions [52]. It

has also been shown that peripheral blood CD4? FOXP3?
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bFig. 4 Analysis of CD27 and CTLA4 expression of FOXP3? CD4 T

cells. Isolated lamina propria lymphocyte from tumor and tumor-free

gastric mucosa, and PBMC, were stained with anti-CD4-FITC, anti-

CD27-PE, or anti-CTLA4-PE and anti-FOXP3-APC, and analyzed by

flow cytometry. a, b Contour plots show anti-FOXP3 and anti-CD27

(a) or anti-CTLA4 (b) staining of CD4? blood or gastric T cells of

one representative individual of five (a) or three (b). c Frequencies of
CD27 expression of FOXP3? CD4 T cells. In the box plot, the

horizontal line represents median, the box edges show the interquar-

tile range (first and third quartile), and the whiskers depict maximum

and minimum values. d Frequencies of CTLA4 expression of

FOXP3? CD4 T cells. Results from all individuals are shown as

dots; medians are indicated by horizontal lines
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T cells have a higher expression of the proliferation marker

Ki67 [53]. Importantly, we show that proliferating CD4?

FOXP3? T cells exhibit a complete demethylation of the

analyzed CpG site in the FOXP3 promoter, which indicates

that these cells have a stable Treg phenotype and are thus

not activated effector T cells with a transient FOXP3

expression profile [33]. Our demethylation data are limited

by the fact that we could not analyze tissue-derived T cells.

However, a study of colon tissue indicates that methylation

patterns of FOXP3? cells in tissue and blood are compa-

rable [54], which suggests that our results are valid for

stomach Treg.

We and others have shown that gastric cancer patients

have higher numbers of Treg not only in tissue but also in

the blood compared to healthy controls [21, 36], and gastric

cancer patients from whom tumors have been removed

have significantly lower levels of CD4? CD25high T cells

[12]. These data are supported by Cao et al., who con-

cluded that hepatic cancer cells cultured together with

PBMC promote CD4? CD25high T-cell proliferation and

inhibit CD4? CD25- T-cell proliferation [24]. However,

our data did not establish an altered proliferation of

peripheral blood CD4? CD25high T cells of cancer patients

compared to healthy controls.

In summary, we show a high degree of proliferation

among regulatory CD4? FOXP3? CD25high T cells in the

gastric mucosa both in the tumor and in the surrounding

tissue. These local Treg were not induced in the tissue and

expressed a suppressive cytokine profile characterized by

high IL-10 and low TGF-b and IFN-c production.
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with the exception of outliers. Existing outliers ([1.5 9 interquartile

range) are shown as dots. For gastric cancer patients, n = 7 for tumor-
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n = 4; p values refer to Mann–Whitney tests
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