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ABSTRACT
Our previous study has identified intratumoral CD103+CD8+ T cells as a favorable prognostic factor in 
gastric cancer. However, the significance of CD103+CD4+ T cells in gastric cancer hasn’t yet been 
elucidated. Here, we aimed to investigate the clinical significance and phenotype characteristics of 
intratumoral CD103+CD4+ T cells in gastric cancer. In our study, 469 formalin-fixed and paraffin-embedded 
samples and 24 fresh tissue specimens of patients with gastric cancer from Zhongshan Hospital were 
included. We manifested that intratumoral CD103+CD4+ T cells in gastric cancer predicted poor overall 
survival and inferior responsiveness to fluorouracil-based ACT. The density and phenotypic characteristics 
of CD103+CD4+ T cells in gastric cancer were detected by immunohistochemistry and flow cytometry, 
which showed that CD103+CD4+ T cells exhibited an immunosuppressive phenotype and higher retention 
capacity in tumor tissues. Furthermore, increased CD103+CD4+ T cells contributed to CD8+T cell dysfunc
tion with decreased granzyme B (GZMB), interferon-gamma (IFN-γ), tumor necrosis factor-alpha (TNF-α) 
and perforin (PRF-1) expression in gastric cancer. Overall, this study revealed that intratumoral 
CD103+CD4+T cell infiltration defined immunoevasive contexture and predicted poor prognosis and 
inferior responsiveness to fluorouracil-based ACT. Therefore, we recommended that CD103+CD4+ T cells 
might be a potential immunotherapeutic target for gastric cancer.
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Introduction

Gastric cancer, the fifth most common malignancy worldwide, 
ranks the third among all cancers in terms of mortality.1 

Despite significant progress having been made in prevention, 
diagnose, and therapeutic options, the possibility of advanced 
metastasis and disease recurrence still makes the prognosis and 
therapeutic responsiveness of gastric cancer fairly 
unpredictable.2 As first-line adjuvant chemotherapy (ACT), 
fluorouracil tends to be applied after radical gastrectomy for 
those advanced gastric cancer (AGC) patients.3–5 However, 
drug resistance and poisonous side effect still remain a huge 
restriction to the efficacy of ACT.6,7 Thus, new stratification in 
gastric cancer to better predict its prognosis and therapy 
response should be drawn further attention.

Currently, the interplay between tumor and host immune 
system is considered to be associated with patient survival out
comes and chemotherapy resistance.8–10 CD4+ T cells play an 
essential part in anti-tumor adaptive immunity, which not only 
help the activation of CD8+ T cells, but also contribute to the 
generation and maintenance of memory cytotoxic T lymphocyte 
(CTL) responses, and have direct anti-tumor functions.11,12 

However, their effect on the prognosis of gastric cancer patients 

remains doubtful. Actually, CD4+ T cells are mainly helper 
T cells, which can be induced by different cytokines to differ
entiate into multiple subsets with diverse phenotypes, functions 
and gene expression, including Th1, Th2, Th17, regulatory 
T cells (Tregs) and so on.13,14 Consequently, to figure out the 
prognostic significance of CD4+ T cells and to identify biomar
kers with therapeutic value, phenotypic and functional classifi
cation of CD4+ T cell subtypes is urgently needed.

CD103, or integrin αEβ7 (ITGAE), is a heterodimeric inte
gral membrane protein composed of an alpha chain and a beta 
chain. It binds to β7 integrin to form E-cadherin binding 
integrin, thereby mediating lymphocyte adhesion, migration, 
and homing.15 Our previous study revealed that CD103 expres
sion on CD8+ T cells identified a subset with stronger anti- 
tumor effect and superior prognostic value.16 Existing litera
ture has indicated that CD103 was also expressed on CD4+ 

T cells.17 Whereas, the clinical significance, phenotype and 
functional characteristics of intratumoral CD103+CD4+ 

T cells have not been reported in detail. Hence, our current 
study was aimed to explore the clinical significance and phe
notypic characteristics of intratumoral CD103+CD4+ T cells in 
gastric cancer.
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In our study, we found that intratumoral CD103+CD4+ 

T cell infiltration, rather than total CD4+ T cells had 
a predictive value for the survival of gastric cancer patients. 
Phenotypic analysis showed that CD103+CD4+ T cells exhib
ited tissue-resident and immunosuppressive characteristics. 
Furthermore, intratumoral CD103+CD4+ T cells were asso
ciated with impaired anti-tumor immunity by CD8+ T cells 
in gastric cancer. To summarize, our results demonstrated that 
CD103+CD4+ T cells contributed to the impairment of anti- 
tumor immunity and could be an effective prognostic and 
predictive biomarker for patients with gastric cancer.

Materials and methods

Study cohorts

496 patients with gastric cancer who underwent radical or palliative 
gastrectomy between 2007 and 2008 in Zhongshan Hospital were 
recruited. Due to clinical data incompleteness and point loss during 
immunohistochemistry (IHC), 27 patients were excluded. 469 
patients were randomly divided into two independent cohorts: the 
discovery cohort (n = 235) and the validation cohort (n = 234). 
Demographic and clinical data were collected retrospectively. Cancer 
staging was identified with reference to the 7th edition of the 
American Joint Committee on Cancer (AJCC) TNM Classification. 
Patients were treated with postoperative adjuvant chemotherapy 
(ACT) according to the NCCN guidelines and patients’ own will. 
In addition, a total of 24 fresh tumor tissue samples were obtained 
from gastric cancer patients during surgery at Zhongshan Hospital 
for flow cytometry analysis. None of the patients received radiation 
therapy. Written informed consent was provided from each patient, 
and the study was approved by the Institutional Review Board and 
Ethics Committee of Zhongshan Hospital, Fudan University.

Dual immunohistochemistry and immunofluorescence

The tissue microarrays (TMA) of the discovery cohort and the 
validation cohort were constructed and subjected to dual 
immunohistochemical staining. Briefly, the TMA slides were 
dewaxed in an oven and treated with xylene heated in a water 
bath and decreasing concentrations of alcohol. The slides were 
heated in sodium citrate buffer (0.01 M sodium citrate buffer, 
pH = 6) for 15 minutes to recover the antigen. The goat serum 
blocking solution was applied at 37 °C for 20 minutes, and 
then the slides were incubated with anti-CD103 antibody (Ra; 
Abcam, ab129202, diluted 1:300) at 37 °C for 2 hours. After 
primary antibody incubation, a two-step kit detection system 
with DAB (HRP, Mo/Ra; ZSGB-Bio, PV-9000) was used to 
achieve positive staining (brown). After completing this step, 
the slides were washed again, and the anti-CD4 primary anti
body was added, overnight at 4 °C (Mo; ZSGB-Bio, TA500481, 
diluted 1:50). The next day, TMA slides were washed, incu
bated with AP-labeled secondary antibodies (AP, Mo; ZSGB- 
Bio, DS-0006) and stained with vector blue (VECTOR Blue AP 
Substrate Kit Detection System; Vector Lab, SK 5300). Finally, 
the sections were washed, dehydrated and fixed. For immuno
fluorescence staining, the sections were co-incubated with the 
primary antibody and left overnight at 4 °C. The samples were 
then incubated with FITC and TRITC-conjugated secondary 

antibodies at 37 °C for 2 hours. Finally, the slides were fixed 
with an anti-fading fixing solution containing DAPI. The Leica 
DMi8 micro system was used to capture the slides.

Assessment of the number of CD103+CD4+ T cell 
infiltration in IHC specimens

As mentioned above, after double staining with IHC, CD103 and 
CD4 were stained respectively brown and blue, while CD103+CD4+ 

T cells showed dark brown, which was easily distinguished from 
single positive cells of light brown or blue (Figure 1b). All specimens 
were observed using a Nikon Eclipse Ti-s microscope (Nikon, Tokyo, 
Japan), and each tumor area captured three of the most representa
tive high-power fields at ×200 magnification (0.284 mm2 per field of 
view). Then, two pathologists (L. Chen and P. Zhang) who had no 
previous knowledge of the patient’s clinical data identified 
CD103+CD4+ cells (cells stained dark brown), CD103−CD4+ cells 
(cells stained blue) and CD103+CD4−cells (stained light brown). The 
total number of CD4+ T cells was counted as the sum of the numbers 
of CD103+CD4+ and CD103−CD4+ cells, and similarly, the total 
number of CD103+ cells was counted as the sum of CD103+CD4+ 

and CD103+CD4− cells. In case of disagreement, the pictures were 
reviewed and a consensus was reached between two observers. 
Eventually, average the 3 fields to the final score of each sample.

Flow cytometry

Freshly isolated gastric cancer tissues were disposed as previously 
reported.18 After erythrocyte lysis, samples were co-incubated with 
human BD Fc blocker (BD Biosciences) and then stained with the 
indicated monoclonal antibodies (mAbs) in the dark at 4 °C for 
30 minutes. The fixation/permeation solution kit or the transcription 
factor fixation/permeability buffer set (BD Biosciences) was applied 
according to the manufacturer’s instructions. The stained cells were 
washed and resuspended in cell staining buffer. Stained cells were 
then separated in a FACS Celesta flow cytometer (BD Biosciences) 
and analyzed using FlowJo software (TreeStar). The antibodies used 
in flow cytometry were listed in Table S1.

Statistical analysis

Using X-tile software, we determined the cutoff values for 
distinguishing between high-density and low-density groups 
by minimum P method for all markers. It turned out that the 
cutoff value of CD4+ T cells was 34/HPF, while the cutoff value 
of CD103+CD4+ T cells was 6/HPF. Kaplan-Meier method and 
log-rank test were used to compare survival outcomes between 
the two patient subgroups. One-sample Kolmogorov–Smirnov 
analysis was used to explore whether the data conformed to the 
normal distribution. Student t test was used to compare vari
ables between normally distributed samples, while Mann 
Whitney U test or Wilcoxon matched-pairs signed-ranks test 
was applied if data wasn’t in line with normal distribution. The 
Spearman correlation test was used to assess the correlation 
between two variables. The data of all groups in the figure was 
expressed as mean ± SDs. A P-value of <0.05 was considered 
statistically significant. All analysis was performed using 
GraphPad Prism (version 6.00), MedCalc (version 12.7.0) or 
IBM SPSS Statistics (version 21) software.

e1844402-2 Y. GU ET AL.



Results

Accumulation of CD103+CD4+ T cells in gastric cancer and 
its correlation with clinicopathological characteristics

Initially, we intended to confirm the presence of 
CD103+CD4+T cell subpopulation in gastric cancer. 
Immunofluorescence staining on formalin-fixed paraffin- 
embedded gastric cancer tissues revealed the co-expression of 
CD103 and CD4 on tumor-infiltrating lymphocytes, suggest
ing that CD103+CD4+ T cells constituted a unique CD4+ T cell 
population (Figure 1a). We further quantified the 
CD103+CD4+ T cells in tumor and peritumoral tissues of 
gastric cancer by double staining IHC and flow cytometry. It 
was found that CD103+CD4+ T cells were more common and 
enriched in tumor tissues compared with peritumor tissues 
(Figure 1b and c; P= .014 and P= .002). Additionally, IHC 
staining showed that compared with stage I tumors, stage II 
or III tumors had more CD103+CD4+ T cell infiltration (Figure 
1d and Table S2). Taken together, these findings suggested that 
CD103+CD4+ T cells accumulated in gastric cancer and were 
associated with tumor progression.

Intratumoral CD103+CD4+ T cells predict poor prognosis in 
gastric cancer patients

To clarify the clinical significance of intratumoral 
CD103+CD4+ T cells in gastric cancer, we compared the overall 
survival (OS) between patients with high and low 
CD103+CD4+ T cell infiltration. The results showed that high 
CD103+CD4+ T cell infiltration was associated with poor OS in 
both the Discovery cohort and Validation cohort (Figure 2a 

and b; P< .001 and P= .003). Meanwhile, total CD4+ T cell 
infiltration was not significant prognostic factor for patients 
with gastric cancer (Figure 2c and d; P= .053 and P= .251). 
However, it’s worth noting that when we used a combination of 
CD4+ T cells and CD103+CD4+ T cells for survival analysis, 
patients with CD103+CD4+ T cell high infiltration showed 
poorer overall survival than those with CD103+CD4+ T cell 
low infiltration in patients with similar CD4+ T cell infiltration 
level (Figure 2e and f; P< .001 and P= .011). The above results 
revealed that CD103 expression identified a subpopulation of 
CD4+ T cells with prognostic value.

Intratumoral CD103+CD4+ T cells indicate inferior 
responsiveness to fluorouracil-based adjuvant 
chemotherapy in stage II/III patients

Previous studies have demonstrated the critical role of tumor 
infiltrating immune cells in chemotherapy response.19–21 

Consequently, we next evaluated the predictive value of intra
tumoral CD103+CD4+ T cells for efficacy of fluorouracil-based 
ACT. In patients with low CD103+CD4+ T cell infiltration, 
ACT could produce significant survival benefits in both 
Discovery cohort and Validation cohort (Figure 3a and b; 
P< .001 and P< .001). However, in patients with high 
CD103+CD4+ T cell infiltration, OS was not improved even 
after ACT applied (Figure 3c and d; P= .266 and P= .663). 
Conclusively, these data showed that high intratumoral 
CD103+CD4+ T cell infiltration indicated inferior responsive
ness to fluorouracil-based adjuvant chemotherapy in stage II/ 
III gastric cancer patients.

Figure 1. CD103+CD4+ T cells accumulate in gastric cancer and associates tumor progression. (a) Representative immunofluorescence staining with CD4(green), CD103 (red) 
and DAPI (blue) in gastric cancer tissues. (b) Representative dual immunohistochemical staining images(left) for CD4(blue) and CD103(brown) and quantitative analysis
(right) of CD103+CD4+ T cells in intratumoral tissues (n = 469) and corresponding peritumoral tissues (n = 469). Significance was assessed by unpaired t test. (c) 
Representative flow cytometry (FCM) analysis images (left) and quantification (right) of CD103+CD4+ T cells in CD3+ cells in intratumoral tissues and corresponding 
peritumoral tissues of gastric cancer fresh samples (n = 14). Significance was assessed by Wilcoxon matched-pairs signed-ranks test. (d) Relationship between intratumoral 
CD103+CD4+ T cells infiltration and TNM stage was examined based on IHC staining. Significance was assessed by unpaired t test. Bar plots show mean ± SD.
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Intratumoral CD103+CD4+ T cells express high level of 
IL-10 and display features of tissue residency

To explore the functional characteristics of intratumoral 
CD103+CD4+ T cells, flow cytometry was used to detect the 
expression of Th1 (IFN-γ, TNF-α)-, Th2 (IL-13)-, Th17 (IL- 
17A)- and Treg (IL-10, TGF-β1)-related cytokines in CD4+ 

T cells.22–24 Results showed that CD103+CD4+ T cells showed 
higher expression of IL-10 compared with their CD103− coun
terparts, which indicated introtumoral CD103+CD4+ T cell 
subset possessed a suppressive secretory phenotype (Figure 
4a–d). Existing researches have displayed that CD103+CD4+ 

T cells mainly resided in non-lymphoid tissues,17 hence we 
attempted to investigate whether they retained this character
istic in gastric cancer. CCR7 and CD62L, which are related to 
lymph node homing and tissue egress of lymphocytes, were 
down-regulated in CD103+CD4+ T cells. Consistently, as tran
scription activation factors for CCR7 and CD62L, TCF-1 also 
showed significantly lower expression on the CD103+CD4+ 

T cells than CD103−CD4+ T cells. However, transcription 
factor related to lymphocyte tissue residency, including 
Blimp-1, Hobit, and Runx-3 were upregulated in 

CD103+CD4+ T cells, demonstrating that the tissue residency 
program is regulated by a unique set of transcription factors 
(Figure 4e). Taken together, these results indicated that 
CD103+CD4+ T cells in the tumor exhibited immunosuppres
sive and tissue-resident characteristics.

Intratumoral CD103+CD4+ T cells are associated with 
impaired anti-tumor immunity by CD8+ T cells

Based on the immunosuppressive characteristics of CD103+CD4+ 

T cells in gastric cancer, we went on to explore whether intratu
moral CD103+CD4+ T cells were associated with anti-tumor 
immune response. Of interest, we observed an increased number 
of CD8+ T cells, which are regarded as the main effector cells in 
anti-tumor immune response, in patients with high CD103+CD4+ 

T cell infiltration (Figure 5a). Nevertheless, flow cytometry ana
lysis showed that the frequency of Ki-67+CD8+ T cells in 
CD103+CD4+ T cell high group was significantly lower than 
that in CD103+CD4+ T cell low group. Moreover, CD8+ T cells 
in the CD103+CD4+ T cell high group exhibit lower expression of 
effector molecules related to cytolytic activity, such as granzyme 

Figure 2. Intratumoral CD103+CD4+ T cells predict poor prognosis in gastric cancer patients. (a and b) Kaplan–Meier survival curves for overall survival of gastric cancer 
patients in Discovery cohort(a) and Validation cohort(b) on the basis of intratumoral CD103+CD4+ T cell infiltration. (c and d) Kaplan–Meier survival curves for overall 
survival of gastric cancer patients in Discovery cohort(c) and Validation cohort(d) on the basis of intratumoral total CD4+ T cell infiltration. (e and f) Kaplan-Meier survival 
curves for overall survival of gastric cancer patients in the Discovery cohort (e) and Validation cohort (f) further stratified on the basis of CD103+CD4+ T cells in the total 
CD4+ T cell strata.
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B (GZMB), perforin (PRF-1), and produced less tumor necrosis 
factor-alpha (TNF-α) and interferon-gamma(IFN-γ) (Figure 5b– 

e). Altogether, these results indicated that CD103+CD4+ T cells 
associated with CD8+T cells dysfunction in gastric cancer.

Figure 3. Intratumoral CD103+CD4+ T cells indicate inferior responsiveness to fluorouracil-based adjuvant chemotherapy in stage II/III patients. (a andb) Kaplan-Meier 
survival curves for overall survival of gastric cancer patients with low CD103+CD4+ T cell infiltration in Discovery cohort (a) and Validation cohort (b) on the basis of ACT 
therapy. (c and d) Kaplan-Meier survival curves for overall survival of gastric cancer patients with high CD103+CD4+ T cell infiltration in Discovery cohort (c) and 
Validation cohort (d) on the basis of ACT therapy.

Figure 4. Intratumoral CD103+CD4+ T cells express high level of IL-10 and display features of tissue residency. (a) Flow cytometry analysis of Th1 type cytokines (IFN-γ, 
TNF-α) in CD103−CD4+ and CD103+CD4+ T cells from gastric cancer tissues (n = 17,24). (b) Flow cytometry analysis of Th2 type cytokine IL-13 in CD103−CD4+ and 
CD103+CD4+ T cells from gastric cancer tissues (n = 24). (c) Flow cytometry analysis of Th17 type cytokine IL-17A in CD103−CD4+ and CD103+CD4+ T cells from gastric 
cancer tissues (n = 24). (d) Flow cytometry analysis of Treg type cytokines (IL-10, TGF-β1) in CD103−CD4+ and CD103+CD4+ T cells from gastric cancer tissues (n = 24). (e) 
Flow cytometry analysis of tissue egression markers (CCR7 and CD62L) and transcriptional factors (Blimp-1, Hobit, Runx-3 and TCF-1) in CD103−CD4+ and CD103+CD4+ 

T cells from gastric cancer tissues(n = 16,16,16,16,16,5). Significance was assessed by paired t test.
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Discussion

In this study, we explored the clinical significance, pheno
typic and functional characteristics of intratumoral 
CD103+CD4+ T cells in gastric cancer. We found that 
CD103+CD4+ T cell infiltration predicted poor overall sur
vival and inferior response to adjuvant chemotherapy in 
patients with gastric cancer. Flow cytometry analysis 
showed that CD103+CD4+ T cells in gastric cancer exhib
ited immunosuppressive and tissue resident characteristics. 
In addition, we found that CD103+CD4+ T cells were asso
ciated with impaired anti-tumor immunity by CD8+ T cells. 
These findings demonstrated that intratumoral 
CD103+CD4+ T cells might be a useful prognostic factor 
and a potential target in gastric cancer.

Prognostic evaluation is critical to selecting the appropriate treat
ment for cancer patients. In recent years, the prognostic significance 
of tumor infiltrating immune cells has attracted more and more 
attention with their critical role in tumorigenesis and progression. 
Our previous studies have clarified the prognostic value of tumor- 
associated macrophages, tumor-infiltrating neutrophils, and IL-17A- 
producing cells in gastric cancer.21,25,26 In this study, we identified 
and validated a subset of CD4+ T cells expressing CD103 conferred 
impaired anti-tumor immunity and poor clinical outcomes in gastric 
cancer. To our knowledge, this study is the first to identify intratu
moral CD103+CD4+ T cell density as a useful prognostic factor in 
gastric cancer. Besides, it is worth noting that our study also revealed 
the predictive value of intratumoral CD103+CD4+ T cells for ACT. 
For patients with stage II/III gastric cancer, fluorouracil-based ACT is 
now generally used as a first-line adjuvant therapy.4,6,27 However, not 
everyone can benefit from adjuvant chemotherapy, and the criteria 
for selecting proper candidates remains controversial.28,29 Therefore, 
it is of great significance to identify patients with gastric cancer who 
will benefit from chemotherapy to prevent excessive toxicity. Our 
findings indicated that ACT could only improve survival in patients 
with low CD103+CD4+ T cell infiltration, which will help to better 
select and manage patients receiving adjuvant chemotherapy.

By flow cytometry, we found that CD103+CD4+ T cells expressed 
higher level of anti-inflammatory cytokine IL-10, indicating that 

CD103+CD4+ T cells have an immunosuppressive phenotype. In 
addition, we also found that CD103+CD4+ T cells in gastric cancer 
showed a tissue-resident phenotype, which might contribute to 
persistent immunosuppressive effect. To further explored the asso
ciation between CD103+CD4+ T cell infiltration and anti-tumor 
immunity, we analyzed the number and functional status of intratu
moral CD8+ T cells in gastric cancer, which regarded as the main 
antitumor effector cells. As hypothesized, we observed that CD8+ 

T cells showed decreased proliferative capability and effector function 
in gastric cancer tissues with high CD103+CD4+ T cell infiltration. 
These data might give possible explanations for the poor prognosis 
and inferior ACT response of gastric cancer patients in CD103+CD4+ 

T cell low infiltration subgroup.
The main limitation of our study was the absence of in vivo 

validation of our findings, as there were no suitable mouse-derived 
cell lines for gastric cancer to establish immune-capable mouse 
models. Besides, minimum P method was used to determine the 
cutoff values, so these cutoff values might not be reproducible. 
Thirdly, manual pathological analysis for IHC images might be 
influenced by visual bias. In addition, we have not identified how 
the gastric cancer CD103+CD4+ T cell subsets formed and differen
tiated, which was needed to be clarified in our future studies.

Conclusion

Conclusively, we for the first time identified CD103+CD4+ 

T cells as an unfavorable prognostic factor and predictor for 
adjuvant chemotherapy. CD103+CD4+ T cells exhibit immu
nosuppressive and tissue resident features and might be poten
tial therapeutic target in gastric cancer.
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