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Abstract IL-22-producing CD4+ T cells (IL-22+CD4+ T
cells) and Th22 cells (IL-22+IL-17¡IFN-�¡CD4+ T cells)
represent newly discovered T-cell subsets, but their nature,
regulation, and clinical relevance in gastric cancer (GC)
are presently unknown. In our study, the frequency of
IL-22+CD4+ T cells in tumor tissues from 76 GC patients
was signiWcantly higher than that in tumor-draining lymph
nodes, non-tumor, and peritumoral tissues. Most intratumoral
IL-22+CD4+ T cells co-expressed IL-17 and IFN-� and
showed a memory phenotype. Locally enriched IL-22+CD4+

T cells positively correlated with increased CD14+ mono-
cytes and IL-6 and IL-23 detection ex vivo, and in vitro IL-6
and IL-23 induced the polarization of  IL-22+CD4+ T cells
in a dose-dependent manner and the polarized IL-22+CD4+

T cells co-expressed of IL-17 and IFN-�. Moreover,
IL-22+CD4+ T-cell subsets (IL-22+IL-17+CD4+, IL-22+IL-

17¡CD4+, IL-22+IFN-�+CD4+, IL-22+IFN-�¡CD4+, and IL-
22+IL-17+IFN-�+CD4+ T cells), and Th22 cells were also
increased in tumors. Furthermore, higher intratumoral IL-
22+CD4+ T-cell percentage and Th22-cell percentage were
found in patients with tumor-node-metastasis stage advanced
and predicted reduced overall survival. In conclusion, our
data indicate that IL-22+CD4+ T cells and Th22 cells are
likely important in establishing the tumor microenvironment
for GC; increased intratumoral IL-22+CD4+ T cells and Th22
cells are associated with tumor progression and predict
poorer patient survival, suggesting that tumor-inWltrating IL-
22+CD4+ T cells and Th22 cells may be suitable therapeutic
targets in patients with GC.

Keywords Gastric cancer · IL-22+CD4+ T cells · 
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Introduction

Gastric cancer (GC) is the second most frequent cause of
oncological death worldwide and carries an especially poor
prognosis [1]. Despite eVorts to introduce new treatments
into traditional therapies, such as surgery, chemotherapy,
and radiotherapy, the control of GC at an advanced stage
remains diYcult. Clinical progression and therapeutic
eYcacy of GC are inXuenced by the cross-talks between
diVerent immune cells that have inXuence on tumor pro-
gression as well as therapeutic eYcacy. It has been shown
that tumor-inWltrating lymphocytes (TILs), especially CD3+

T cells, correlated with GC patients’ outcome [2]. Thus, it
is important to understand the T-cell immunoregulation in
GC. The acquired knowledge may help to develop novel
treatment strategies and to improve the eYcacy of immuno-
therapy.
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CD4+ T cells constitute a major component of TILs
within the tumor microenvironment. Naïve CD4+ T cells
can develop into four types of T cells: Th1, Th2, Th17, and
regulatory T cells (Tregs), based on the local cytokine
milieu. The balance between these four types of T cells has
been shown important for the overall immune outcome in
several mouse models [3] although information in humans
is rather limited. IL-22+CD4+ T cells, based on its secretion
of cytokine IL-22, have been reported recently [4].
Although some IL-22+CD4+ T cells also produce other
cytokines such as IL-17 [5], some IL-22+CD4+ T cells
expressed IL-22 but not IL-17 or IFN-� [6]. The later is
now termed as Th22 cells [7, 8]. Th22 cells could be gener-
ated from naïve T cells in the presence IL-6 [8]. Moreover,
Th22 cells and/or IL-22+CD4+ T cells have been reported to
be increased in many inXammatory diseases such as psoria-
sis [9] and rheumatoid arthritis [10] and to be involved in
epidermal immunity and remodeling [7]. Notably, in
humans, virtually nothing is known about the phenotype,
regulation, and clinical relevance of Th22 cells as well as
IL-22+CD4+ T cells in GC. Here, we show that IL-22+CD4+

T cells and Th22 cells accumulate with GC progression and
predict patient survival following surgery.

Materials and methods

Patients and tissue samples

Fresh tumor-draining lymph nodes (TDLN), autologous
non-tumor, peritumoral, or tumor gastric tissues (non-
tumor tissues, at least 5-cm distant from tumor site) were
obtained from patients who underwent surgical resection at
the Southwest Hospital of the Third Military Medical Uni-
versity. None of the patients had received radiotherapy or
chemotherapy before sampling. Individuals with autoim-
mune disease, infectious diseases, and multi primary cancer
were excluded. The clinical stages of tumors were deter-
mined according to the TNM classiWcation system of Inter-
national Union Against Cancer (Edition 7). The study was
approved by the Ethics Committee of the Southwest Hospi-
tal of the Third Military Medical University. The written
informed consent was obtained from each subject. Helico-
bacter pylori (H. pylori) infection was determined by serol-
ogy test for speciWc anti-H. pylori antibodies (Abs).

ImmunoXuorescence

Paraformaldehyde-Wxed cryostat sections of tumor tissues
were washed in PBS and blocked for 30 min with 20 % rab-
bit serum in PBS. Sections were incubated with goat anti-
human IL-22 antibody (Ab) (R&D Systems, Minneapolis,
MN, USA) diluted in 5 % rabbit serum. The bound Ab was

detected with FITC-conjugated rabbit anti-goat Ab (Zhong-
shan Biotechnology, China). After washing with PBS, sec-
tions were blocked for 30 min with 20 % goat serum in PBS
and incubated with mouse anti-human CD4 Ab (eBioscience,
San Diego, CA, USA) diluted in 5 % goat serum. The bound
Ab was detected with TRITC-conjugated goat anti-mouse
Ab (Zhongshan Biotechnology). After washing with PBS,
slides were examined with a confocal Xuorescence micro-
scope (LSM 510 META, Zeiss, Jena, Germany).

Cell isolation

Fresh tumor and non-tumor tissues were used for the isola-
tion of TIL and non-tumor-inWltrating lymphocytes
(NTILs). In brief, fresh tumor and non-tumor tissues were
washed three times in RPMI 1640 before cut into small
pieces. The specimen were then collected in RPMI 1640
containing 1 mg/ml collagenase IV (Sigma-Aldrich, St.
Louis, MO) and 10 mg/ml DNase I (Roche, Basel, Switzer-
land) and mechanically dissociated by using the gentle
MACS Dissociator (Miltenyi Biotec, Bergisch Gladbach,
Germany). Dissociated cell suspensions were further incu-
bated 1 h at 37 °C under continuous rotation and Wltered
through 70-�m cell strainers to obtain cell suspensions.
Fresh TDLN were gently minced and passed through 70-
�m cell strainers to obtain cell suspensions. The cell sus-
pensions were then used for Xow cytometry analysis.

Flow cytometry

The following Abs were used to stain single-cell suspensions
from tissues: CD3-APC-H7, IL-17-PE, IFN-�-PE-Cy7 (BD
Pharmingen, San Diego, CA, USA), CD4-FITC or PE,
CD45RA-PE-Cy7, IL-22-Alexa Fluor 647, CD14-PerCP-
Cy5.5, IL-4-PE, IL-9-PE, PD-1-FITC, CD25-PE-Cy7 (eBio-
science), IL-17-PE-Cy7, CD45-PE-Cy7, HLA-DR-PE-Cy7,
Foxp3-Alexa Fluor 488 (Biolegend, San Diego, CA, USA).
Cells were incubated with appropriate surface Abs. For intra-
cellular molecular measurements, cells were stimulated for
5 h with phorbol 12-myristate 13-acetate (PMA; 50 ng/mL;
Sigma-Aldrich) plus ionomycin (1 �g/ml; Sigma-Aldrich) in
the presence of Golgistop reagent (BD Pharmingen). Intra-
cellular cytokine staining was performed after Wxation and
permeabilization, using Perm/Wash solution (BD Pharmin-
gen). Cells were analyzed by Xow cytometry with a FACSC-
anto II (BD Biosciences, San Diego, CA, USA). Data were
analyzed with Flowjo software (TreeStar) or FACSDiva soft-
ware (BD Biosciences).

In vitro monocyte-T-cell co-culture system

Peripheral blood mononuclear cells (PBMC) from GC patients
were isolated by Ficoll density gradient centrifugation. Fresh
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peripheral blood CD14+ monocytes and CD4+ T cells were
selected using positive isolation and negative isolation kits,
respectively (StemCell Technologies, Vancouver, Canada).
In a 5-d incubation, bead-puriWed peripheral CD4+ T cells
were co-cultured (2 £ 105 cells/well in 96-well plates) with
or without autologous blood monocytes at 2:1 ratio in the
presence or absence of diVerent concentrations (1, 2, 5, and
10 ng/ml) of recombinant human (h) IL-6 (Peprotech,
Rocky Hill, NJ, USA) or IL-23 (Peprotech) in 200 �l RPMI
1640 medium supplemented with 10 % FCS containing
h IL-2 (10 IU/ml), anti-CD3 (2 �g/ml), and anti-CD28
(1 �g/ml) Abs. After 5-d incubation, the supernatants were
harvested for ELISA, and the cells for intracellular cytokine
staining.

Intracellular cytokine staining for CD4+ T cells

Cultured CD4+ T cells were stimulated with PMA (50 ng/ml)
and ionomycin (1 �g/ml) in the presence of Golgistop for
6 h. Then, cells were stained with PE-conjugated anti-
CD4 Ab (BD Pharmingen). After washing, cells were Wxed
and permeabilized with CytoWx/Cytoperm (BD Pharmin-
gen) and stained with Alexa Fluor 647-conjugated anti-IL-
22 (eBioscience) and PE-Cy7-conjugated anti-IFN-� (BD
Pharmingen)/PE-Cy7-conjugated anti-IL-17 (Biolegend)
Abs. Then, cells were resuspended and analyzed by Xow
cytometry with a FACSCanto II (BD Biosciences). Data
were analyzed with Flowjo software (TreeStar) or FACS-
Diva software (BD Biosciences). Cellular debris was elimi-
nated from the analysis using a gate on forward and side
scatter.

Enzyme-linked immunosorbent assay (ELISA)

GC tissues from specimens were collected, homogenized in
1-ml sterile PBS, and centrifuged. Concentrations of cyto-
kines in the tissue supernatants or T-cell co-culture system
were determined using ELISA kits for IL-6, IL-23 (eBio-
science), and IL-22 (R&D Systems) according to the manu-
facturer’s instructions.

Statistical analysis

Results are expressed as mean §SEM. The statistical sig-
niWcance of diVerences between two groups was deter-
mined by the Student’s t test. For multi-group data analysis,
an ANOVA analysis was used. Correlations between
parameters were assessed using the Pearson correlation
analysis and linear regression analysis, as appropriate.
Overall patient survival was deWned as the interval between
date of surgery and date of death or last follow-up, which-
ever occurred earlier. The known tumor-unrelated deaths
(e.g., intercurrent disease and accidental death) were

excluded from the death record for this study. Cumulative
survival time was calculated by the Kaplan–Meier method,
and survival was measured in months; the log-rank test was
applied to compare between two groups. Multivariate anal-
ysis of prognostic factors for overall patient survival was
performed using the Cox proportional hazards model. SPSS
statistical software (version 13.0) was used for all statistical
analysis. All data were analyzed using two-tailed tests, and
P < 0.05 was considered statistically signiWcant unless oth-
erwise speciWed.

Results

Patients’ characteristics

A total of 76 never-treated GC patients were collected from
March 2010 to August 2011. The baseline clinical and
pathological characteristics were presented in Table 1.

IL-22+CD4+ T cells are enriched in tumor tissues of GC 
patients with tumor stage advanced and independently 
predict survival

Using Xow cytometry, we Wrst evaluated the tissue distribu-
tion of IL-22+CD4+ T cells in inWltrating leukocytes freshly
isolated from TDLN, autologous non-tumor, peritumoral,
or tumor tissues of GC patients. The prevalence of IL-22+

CD4+ T cells, not only in CD4+ T cells (Fig. 1a) but also in

Table 1 Clinical characteristics of 76 patients with gastric cancer

CEA carcinoembryonic antigen
a CD4+IL-22+ T-cell percentage was acquired on CD4+IL-22+cells in
CD4+ T cells that gated on CD3+CD4+ cells of tumor tissues
b Th22-cell percentage was acquired on CD4+IL-22+IL-17¡IFN-
�¡cells in CD4+ T cells that gated on CD3+CD4+ cells of tumor tissues

Variable No. of patients

Gender (male/female) 47/29

Age (years; median, range) 56, 31–82

CEA (U/L; < 5/¸5) 54/22

Tumor size (cm; < 5/¸5) 47/29

H.pylori antibody (positive/negative) 41/35

Histological type (diVerentiated/undiVerentiated) 17/59

Lymphatic invasion (absent/present) 18/58

Vascular invasion (absent/present) 66/10

Tumor (T) invasion (T1 + T2/T3 + T4) 24/52

Lymphoid nodal (N) status (N0 + N1/N2 + N3) 35/41

Distant metastasis (M) status (M0/M1) 72/4

TNM stage (I + II/III + IV) 25/51

CD4+IL-22+ T-cell percentage (median, range)a 2.4, 0.2–8.2

Th22-cell percentage (median, range)b 1.1, 0.3–2.3
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CD3+ cells (Fig. 1b), was gradually increased in TDLN,
non-tumor/peritumoral tissues, and tumor tissues. Notably,
the proportion of IL-22+CD4+ T cells was signiWcantly
higher in tumors than in other compartments (Fig. 1a, b). In
support of this, dual immunoXuorescence staining of CD4
and IL-22 showed that IL-22+CD4+ cells were present in
GC tumor tissues (Fig. 1d). Moreover, this accumulation of
IL-22+CD4+ T cells was most notable from stage II
onwards in tumors (Fig. 1e). Taken together, these data
indicate that IL-22+CD4+ T cells are increased in tumors of
GC patients as tumor progressed.

Next, we evaluated the prognostic value of intratumoral
IL-22+CD4+ T-cell percentage on the survival of GC
patients. Comparing patients with high (¸2.4 % median
level) versus low (<2.4 %) IL-22+CD4+ T-cell percentage
level, the 21-month survival rate was signiWcantly higher
for those within the high IL-22+CD4+ T-cell percentage
group (P = 0.0052) (Fig. 1f). Importantly, this Wnding that
intratumoral IL-22+CD4+ T-cell percentage independently
predicted survival was veriWed by univariate and multivari-
ate analyses using a Cox proportional hazard model
(Table 2).

Intratumoral IL-22+CD4+ T cells have an IL-17/IFN-� 
co-expression cytokine proWle and memory phenotype

To study phenotypic features of IL-22+CD4+ T cells at
tumor site, we Wrst analyzed the cytokine proWle of tumor-
inWltrating IL-22+CD4+ T cells. Some IL-22+CD4+ T cells
co-expressed Th1-cell cytokine IFN-� and Th17-cell cyto-
kine IL-17 (Fig. 2a), whereas these cells expressed minimal
Th2-cell cytokine IL-4 and Th9-cell cytokine IL-9
(Fig. 2a). Furthermore, > 90 % IL-22+CD4+ T cells were
CD45RA¡ and did not express homing molecules CD62L
indicating memory T-cell phenotype. We further analyzed
the markers for T-cell activation/eVector function and
immune suppression. IL-22+CD4+ T cells expressed little
CD25 and HLA-DR (Fig. 2a), suggesting that IL-22+CD4+

T cells may not be conventional eVector T cells. IL-
22+CD4+ T cells expressed minimal programmed death 1
receptor (PD-1) and Foxp3 (Fig. 2a), suggesting that IL-
22+CD4+ T cells are distinct from Tregs and functionally
exhausted PD-1+ T cells. These data above indicate that IL-
22+CD4+ T cells exhibit an IL-17/IFN-� co-expression
cytokine proWle and memory phenotype in the tumor
microenvironment.

IL-6 and IL-23 can induce the polarization of IL-22+CD4+ 
T cells

Given the accumulation of IL-22+CD4+ T cells at tumor
sites and its correlation with increased local CD14+ mono-

cytes and IL-6 levels (Fig. S1a, b), we co-cultured puriWed
CD4+ T cells and CD14+ monocytes from PBMC of GC
patients in the presence of IL-6 to investigate whether they
are capable of polarizing CD4+ T cells into IL-22+CD4+ T
cells. After 5-d co-culture, IL-6, in the presence of mono-
cytes, signiWcantly induced IL-22+CD4+ T-cell polarization
and IL-22 production in a dose-dependent manner (Fig. 2b,
c). Moreover, we found that IL-22+CD4+ T cells were posi-
tively correlated with IL-23 in tumors (Fig. S1c). So, we
repeated above experiments replacing IL-6 with IL-23 with
similar observations (Fig. 2b, c). We also found that some
polarized IL-22+CD4+ T cells co-expressed IL-17 and/or
IFN-� (Fig. 2b). These data imply that tumor environmental
IL-6 and IL-23 may be involved in facilitating the polariza-
tion of IL-22+CD4+ T cells.

IL-22+CD4+ T-cell subsets (IL-22+IL-17+CD4+, IL-22+

IL-17¡CD4+, IL-22+IFN-�+CD4+, and IL-22+IFN-�¡CD4+ 
T cells) are increased in tumors

We also divided IL-22+CD4+ T cells into IL-22+IL-
17+CD4+ and IL-22+IL-17¡CD4+ T cells according to
IL-17 production or IL-22+IFN-�+CD4+ and IL-22+IFN-
�¡CD4+ T cells according to IFN-� production and ana-
lyzed their tissue distribution. The prevalence of IL-22+

IL-17+CD4+ or IL-22+IL-17¡CD4+ T cells in CD4+ T
cells was gradually increased in TDLN, non-tumor tis-
sues/peritumoral tissues, and tumor tissues (Fig. 3a, b).
Notably, the proportion of IL-22+IL-17+CD4+ or IL-22+

IL-17¡CD4+ T cells was signiWcantly higher in tumors
than in other compartments (Fig. 3a, b). Similar obser-
vations were made when analyzing IL-22+IFN-�+CD4+

or IL-22+IFN-�¡CD4+ T cells (Fig. 3c, d). These
data indicate that the in-vitro-induced IL-22+CD4+ T-
cell subsets are also reXected by their counterparts in
tumors.

Th22 cells and IL-22+IL-17+IFN-�+CD4+ T cells are 
increased in tumors

As minimal IL-22+CD4+ T cells were detected in TDLN
and similar low number of IL-22+CD4+ T cells detected in
non-tumor and peritumoral tissues (Fig. 1), we Wnally
focused on IL-22+CD4+ T-cell subsets in non-tumor and
tumor tissues. Th22 cells (IL-22+IL-17¡IFN-�¡CD4+ T
cells) and IL-22+IL-17+IFN-�+CD4+ T cells showed clear
increase in tumors, whereas IL-22+IL-17+IFN-�¡CD4+ and
IL-22+IL-17¡IFN-�+CD4+ T cells showed similar fre-
quency in the two tissues (Fig. 4a, b). Taken together, the
IL-22+CD4+ T-cell increase in tumors is therefore further
dissected as the consequence of Th22-cell and IL-22+IL-17+

IFN-�+CD4+ T-cell enrichment.
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Th22 cells correlate with tumor stage and survival 
in patients with GC

Next, we studied whether increased Th22 cells were associ-
ated with tumor stage. This accumulation of Th22 cells was

most notable from stage II onwards (Fig. 4c), suggesting
that Th22 cells accumulate at tumor site during tumor pro-
gression. We also evaluated the prognostic value of intratu-
moral Th22-cell percentage on the survival of GC patients.
Comparing patients with high (¸1.1 % median level)

Fig. 1 IL-22+CD4+ T cells accumulate in tumor tissues and IL-22+

CD4+ T-cell percentage predicts patient survival. a, b Distribution of
IL-22+CD4+ T cells in GC patients. Results are expressed as the per-
centage of IL-22+CD4+ T cells in CD4+ T cells (a) or in CD3+ cells
(b) in diVerent tissues. c Dot plots of intracellular cytokine staining for
IL-22+CD4+ T cells by gating on lymphocytes, CD3+ cells, and CD4+

T cells. Numbers indicate relative percentages in CD4+ T cells.
d ImmunoXuorescence staining for intratumoral IL-22+CD4+ cells (left
1 panel: original magniWcation, £4,000). The arrows indicate repre-

sentative positive cells in tumor tissues. The green signal represents
the staining of IL-22, the red signal represents the staining of CD4, and
the blue signal represents the DAPI-stained nuclei (right 4 panels: orig-
inal magniWcation, £100,000). e Percentages of IL-22+CD4+ T cells in
CD4+ T cells among TNM stage were compared. f Kaplan–Meier curve
for overall survival by median IL-22+CD4+ T-cell percentages. Survival
signiWcantly decreased as a function of the percentage of IL-22+CD4+ T
cells in CD4+ T cells increased. The horizontal bars in (a, b, e) represent
mean values. Each ring in (a, b, e) represents one patient
123
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versus low (<1.1 %) Th22-cell percentage level, the 21-
month survival rate was signiWcantly higher for those
within the high Th22-cell percentage group (P = 0.0059)
(Fig. 1d). However, there was no signiWcant diVerence of
survival rate between high versus low IL-22+IL-17+IFN-
�+CD4+ T-cell percentage level (data not shown). More-
over, using a Cox proportional hazard model, intratumoral
Th22-cell percentage signiWcantly predicted survival veri-
Wed by univariate analyses, but not independently predicted
survival veriWed by multivariate analyses (Table 2).

Th22 cells, IL-22+IL-17+CD4+, IL-22+IFN-�+CD4+, 
and IL-22+IL-17+IFN-�+CD4+ T cells are closely 
associated with IL-22+CD4+ T cells in tumors

Some IL-22+CD4+ T cells co-expressed either IL-17 or
IFN-� (Fig. 1); IL-22+CD4+ T-cells subsets (IL-22+IL-17+

CD4+, IL-22+IL-17¡CD4+, IL-22+IFN-�+CD4+, and IL-22+

IFN-�¡CD4+ T cells) (Fig. 3), Th22 cells, and IL-22+IL-17+

IFN-�+CD4+ T cells (Fig. 4) were increased in tumors. We
Wnally investigated the relationships between IL-22+CD4+

T cells and these six subsets in terms of total CD4+ T cells.
Interestingly, we found that IL-22+CD4+ T cells were
positively correlated with IL-22+IL-17+CD4+ (Fig. S2a)
and IL-22+IFN-�+CD4+ T cells (Fig. S2c), Th22 cells (IL-22+

IL-17¡IFN-�¡CD4+ T cells) (Fig. S2e), and IL-22+IL-
17+IFN-�+CD4+ T cells (Fig. S2f), but not correlated with
IL-22+IL-17¡CD4+ (Fig. S2b) and IL-22+IFN-�¡CD4+ T

cells (Fig. S2d). However, there was no correlation between
Tregs and IL-22+CD4+ T cells (data not shown). These data
indicate that IL-22+CD4+ T cells are closely associated with
Th22 cells and their IL-17+/IFN-�+ subsets in tumors.

Discussion

In spite of the generalized tumor-mediated immune modu-
lation or immune-mediated tumor progression in cancer
patients [11], many malignancies arise at sites of inXamma-
tory immune responses, and TILs are often accumulated
and related-cytokines are produced in tumors [12]. In this
study, we have shown that in GC IL-22+CD4+ T cells and
Th22 cells increased with tumor progression and have a
direct correlation with poor prognosis in GC patients.
Although IL-22+CD4+ T cells and Th22 cells were discov-
ered recently in human inXammatory disorders [7], to our
knowledge, this is the Wrst demonstration of a statistically
signiWcant increase of prevalent IL-22+CD4+ T-cell and
Th22-cell inWltration of the GC microenvironment.

In this study, we Wrst showed that IL-22+CD4+ T cells
with an IL-17/IFN-� co-expression cytokine proWle and
memory phenotype were enriched in tumors. Intratumoral
IL-22+CD4+ T cells, after loosing the expression of the
lymphoid homing molecule CD62L, may reside in tumors
for extended time without entering lymphatic or blood cir-
culation [13]. The B7-H1 receptor, PD-1, may be expressed

Table 2 Univariate and multivariate analyses of factors associated with survival

Cox proportional hazards regression model. Variables used in multivariate analysis were adopted by univariate analysis

CEA carcinoembryonic antigen, HR hazard ratio, CI conWdence interval, NA not adopted
a CD4+IL-22+ T-cell percentage was acquired on CD4+IL-22+cells in CD4+ T cells that gated on CD3+CD4+ cells of tumor tissues
b Th22-cell percentage was acquired on CD4+IL-22+IL-17¡IFN-�¡cells in CD4+ T cells that gated on CD3+CD4+ cells of tumor tissues

Variable Univariate Multivariate

P value HR 95 % CI P value

Gender (male vs. female) 0.838 NA

Age, years (¸65 vs. <65) 0.195 NA

CEA,U/L (¸5 vs. <5) 0.751 NA

Tumor size, cm (¸5 vs. <5) 0.550 NA

H. pylori antibody (positive vs. negative) 0.203 NA

Histological type (diVerentiated vs. undiVerentiated) 0.755 NA

Lymphatic invasion (positive vs. negative) 0.555 NA

Vascular invasion (positive vs. negative) 0.152 NA

Tumor (T) invasion (T1 + T2 vs. T3 + T4) 0.941 NA

Lymphoid nodal (N) status (N0 + N1 vs. N2 + N3) 0.451 NA

Distant metastasis (M) status (M0 vs. M1) 0.883 NA

TNM stage (I + II vs. III + IV) 0.943 NA

CD4+IL-22+ T-cell percentage (high vs. low)a <0.001 1.654 1.242–2.204 0.001

Th22-cell percentage (high vs. low)b 0.045 0.524 0.245–1.122 0.096
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Fig. 2 Intratumoral IL-22+CD4+ T cells show an IL-17/IFN-� co-
expression and memory phenotype, and IL-22+CD4+ T-cell diVerenti-
ation is induced by IL-6 and IL-23 in the presence of monocytes.
a Multicolor Xow cytometry for the co-expression of cytokine proWle,
CD45RA, CD62L, and the markers associated with T-cell activation/
eVector function and immune suppression on intratumoral IL-22+CD4+

T cells. b, c Peripheral CD4+ cells were co-cultured for 5 days with or
without autologous peripheral CD14+ monocytes at 2:1 ratio supple-

mented with diVerent concentrations of IL-6 or IL-23. Results are ex-
pressed as the percentage of IL-22+CD4+, IL-22+IL-17+CD4+, IL-
22+IL-17¡CD4+, IL-22+IFN-�+CD4+, and IL-22+IFN-�¡CD4+ T cells
in CD4+ T cells (b). Production of IL-22 in the co-culture systems was
detected by ELISA in the culture supernatants (c). * indicates P < 0.05,
** indicates P < 0.01, n.s. indicates P > 0.05 for groups connected by
horizontal lines compared in (c), or compared with media controls in
(c). Results above are representative of 3 independent experiments
123
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in functionally exhausted T cells [14], and Foxp3 is
expressed by Tregs both of which are often found in the
tumor microenvironment and contribute to immune sup-
pression [15]. Intratumoral IL-22+CD4+ T cells expressed

little PD-1 or Foxp3, and they expressed no CD25 and
HLA-DR associated with T-cell activation. Altogether,
these expression proWles reveal that IL-22+CD4+ T cells
exhibit a phenotype that may be diVerent from other T-cell

Fig. 3 IL-22+IL-17+CD4+, 
IL-22+IL-17¡CD4+, IL-22+IFN-
�+CD4+, and IL-22+ IFN-
�¡CD4+ T cells accumulate in 
tumor tissues. a, c Distribution 
of IL-22+CD4+ T-cells subsets in 
GC patients. Results are ex-
pressed as the percentage of IL-
22+IL-17+CD4+ and IL-22+IL-
17¡CD4+ T cells in CD4+ T cells 
(a) or IL-22+IFN-�+CD4+ and 
IL-22+IFN-�¡CD4+ T cells 
in CD4+ T cells (c) in diVerent 
tissues. b, d Dot plots of intra-
cellular cytokine staining for 
IL-22+IL-17+CD4+ and 
IL-22+IL-17¡CD4+ T cells 
(b) or IL-22+IFN-�+CD4+ and 
IL-22+IFN-�¡CD4+ T cells 
(d) by gating on CD4+ T cells. 
Numbers indicate relative per-
centages in CD4+ T cells. The 
horizontal bars in (a, 
c) represent mean values. 
Each ring in (a, c) represents one 
patient
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subsets and their function may be associated with produc-
tion of cytokines locally within the tumor.

Next, we addressed which immune cells and cytokines
contribute to the polarization and regulation of IL-22+CD4+

T cells in GC. Recent studies have shown that IL-6 can
convert CD4+ T cells into IL-22+CD4+ T cells [8] and that
monocytes respond to tumor-derived signals, such as IL-6
[16], and in turn polarize T-cell responses [17]. Accord-
ingly, our data indicated that intratumoral IL-22+CD4+ T
cells positively correlated with tumor-residing monocytes
as well as the level of tumor microenvironmental IL-6 and
IL-23. Furthermore, IL-6 and IL-23 markedly increased the
polarization of IL-22+CD4+ T cells from peripheral CD4+ T
cells in a dose-dependent manner in the presence of mono-
cytes; these polarized IL-22+CD4+ T cells in vitro have a
similar phenotype of intratumoral IL-22+CD4+ T cells.
These data suggest that tumor microenvironment may pro-
vide a cell-cytokine milieu that is suitable for the polariza-
tion of IL-22+CD4+ T cells.

IL-22 is a recently discovered cytokine belonging to IL-
10 cytokine family [18]. IL-10 and IL-24 that also belong
to IL-10 cytokine family were also reported to be involved
in GC [19, 20]. The expression and regulation of other IL-

10 cytokine family members such as IL-19, IL-20, and IL-
26 also need further study. SzaXarska et al. showed that
preoperative plasma levels of IL-10 were associated with
poor prognosis in GC [21]. However, there were no signiW-
cant diVerences of IL-22 expression in peripheral blood
serum between GC patients and healthy donors (data not
shown). Moreover, we did not detect the levels of IL-22
and IL-10 family cytokines in tumor supernatants and the
expression of IL-22 receptor in GC tissues in this study,
which needs further investigation.

IL-22 was originally thought to be predominantly pro-
duced by IFN-�-producing Th1 cells [22]. Later, it became
clear that IL-17-producing T-cell subset is the dominant IL-
22 producer [23, 24]. Consistently, our study also showed
that many intratumoral IL-22+CD4+ T cells co-expressed
Th1 and Th17 cytokines IFN-� and IL-17. Recently, a
human IL-22-producing Th-cell population that is distinct
from Th17, Th1, and Th2 cells has been identiWed and
called Th22 cells [8]. Th22 cells are characterized by secre-
tion of IL-22, but not IL-17 or IFN-� [10]. We further dem-
onstrated that the enriched intratumoral IL-22+CD4+ T cells
were closely associated with both IL-22+IL-17+IFN-
�+CD4+ and IL-22+IL-17¡IFN-�¡CD4+ (Th22) T-cell subsets,

Fig. 4 Th22 cells and IL-22+IL-17+IFN-�+CD4+ T cells accumulate in
tumors, and Th22 cells correlate with tumor stage and survival in GC
patients. a The percentage of IL-22+IL-17¡IFN-�¡CD4+ (Th22), IL-
22+IL-17+IFN-�¡CD4+, IL-22+IL-17¡IFN-�+CD4+, and IL-22+IL-
17+IFN-�+CD4+ T cells in CD4+ T cells in non-tumor or tumor tissues
(n = 76). b Dot plots of intracellular cytokine staining for IL-22+IL-
17¡IFN-�¡CD4+ (Th22), IL-22+IL-17+IFN-�¡CD4+, IL-22+IL-

17¡IFN-�+CD4+, and IL-22+IL-17+IFN-�+CD4+ T cells by gating on
CD4+ T cells. Numbers indicate relative percentages in CD4+ T cells.
c Percentages of Th22 cells in CD4+ T cells among TNM stage were
compared. d Kaplan–Meier curve for overall survival by median
Th22-cell percentages. Survival signiWcantly decreased as a function
of the percentage of Th22 cells increased. The horizontal bars in c rep-
resent mean values. Each ring in (c) represents one patient
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suggesting a polyfunctional cytokine proWle and for a
potentially synergistical function.

Most importantly, our Wndings also shed light on the
clinical relevance of IL-22+CD4+ T cells and Th22 cells in
GC. SpeciWcally, we found that an increased frequency of
IL-22+CD4+ T cells and Th22 cells correlated with
advanced tumor progression and poorer patient survival.
IL-22+CD4+ T cells could also produce other cytokines,
such as IL-17 and IFN-� that play diVerent roles in tumor,
respectively [25, 26], and IL-22 is an inXammatory cyto-
kine and produced by activated CD4+ T cells as well as
CD8+ T cells, �� T cells, NKT cells, and so on [27, 28],
implying that the increased mortality may not be due to IL-
22 alone. Given that the clinical outcome for GC patients
remains poor and that few prognostic factors currently exist
for this disease following surgery [1], intratumoral IL-
22+CD4+ T-cell and Th22-cell frequencies might prove
useful clinical markers for GC patients in the future.

In conclusion, our data suggest that increased IL-22+IL-
17+IFN-�+CD4+ T cells and Th22 cells may play important
role during GC establishment and progression and may
serve as a prognostic marker for poor survival. Targeting
IL-22+CD4+ T cells and their function may become a novel
therapy for GC.
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