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Identification and validation of an immunogenic subtype of
gastric cancer with abundant intratumoural CD103+CD8+

T cells conferring favourable prognosis
Ruochen Li1, Hao Liu1, Yifan Cao1, Jieti Wang2, Yifan Chen3, Yangyang Qi3, Kunpeng Lv4, Xin Liu4, Kuan Yu1, Chao Lin1, Heng Zhang1,
Hongyong He1, He Li1, Lingli Chen5, Zhenbin Shen1, Jing Qin1, Weijuan Zhang3, Yihong Sun1 and Jiejie Xu4

BACKGROUND: Intratumoural CD103+CD8+ T cells have been linked to prolonged survival in several malignancies. However, the
clinical significance of CD103+CD8+ T cells in gastric cancer remains unexplored.
METHODS: Gastric cancer tissues from Zhongshan Hospital and data from Gene Expression Omnibus were obtained and analysed.
Immunohistochemistry and flow cytometry were performed to detect the number and phenotypical characteristics of CD103+CD8+

T cells. The effect of programmed cell death protein-1 (PD-1) blockade on CD103+CD8+ T cells was evaluated with the use of an
in vitro study based on fresh tumour tissues.
RESULTS: CD103+CD8+ T cells predicted superior overall survival and provided better prognostic power than total CD8+ T cells in
gastric cancer. Patients with high CD103+CD8+ T cell infiltration also gained more benefit from adjuvant chemotherapy. Flow
cytometry analysis showed that CD103+CD8+ T cells exerted superior anti-tumour effects with stronger retention capacity and
cytotoxicity. Moreover, an in vitro study showed that CD103+CD8+ T cells were more functionally restored after PD-1 blockade than
CD103-CD8+ T cells.
CONCLUSIONS: CD103+CD8+ T cells might be a useful marker to predict prognosis and therapeutic efficacy for gastric cancer
patients. Efforts to increase intratumoural CD103+CD8+ T cell frequency might be a novel therapeutic strategy in gastric cancer.
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BACKGROUND
Gastric cancer is the fifth most common cancer and the third
leading cause of cancer-related death worldwide.1 In recent years,
although significant progress has been made in the prevention,
diagnosis and therapeutic strategies of gastric cancer, many
questions remain unanswered, especially the prediction of
prognosis and therapeutic response in gastric cancer.2 Currently,
it is generally believed that the pathogenies and progression of
gastric cancer are influenced by the cross-talk between tumour
cells and the host immune system.3–5 Consequently, the
prognostic and predictive value of tumour-infiltrating immune
cells in gastric cancer has drawn more attention in the past ten
years.6–8

CD8+ T cells play a central role in anti-tumour immunity, and
increased CD8+ T cell infiltration usually indicates better prognosis
in solid cancers.9–11 However, the prognostic value of CD8+ T cell
infiltration is still controversial in gastric cancer.12,13 In fact, the
CD8+ T cell compartment in tumour tissues is largely diverse,
comprising several subsets with different degrees of specialisation
in phenotype, function, and gene expression.14 Therefore, to
understand the prognostic implication of tumour-infiltrating CD8+

T cells and to identify valuable predictive biomarkers for
therapeutic response, further classification of CD8+ T cell subsets
based on phenotypic and functional characteristics is urgently
needed.
CD103, also known as integrin αEβ7 (ITGAE), is a transmem-

brane heterodimer complex that mediates cell adhesion, migra-
tion and homing of lymphocytes through binding to E-cadherin
on the surface of epithelial cells.15 Recently, several studies have
reported that CD103+CD8+ T cells might represent a subset of
activated tumour-reactive CD8+ T cells and predict better
prognosis in a series of malignancies.16–18 However, the clinical
significance and precise phenotypic features of intratumoural
CD103+CD8+ T cells in gastric cancer have never been reported
before. Consequently, our current study was designed to evaluate
the prognostic value and to explore the phenotypic characteristics
of intratumoural CD103+CD8+ T cells in gastric cancer.
Here, we found that intratumoural CD103+CD8+ T cell

infiltration was a stronger prognostic factor than total CD8+ T
cell infiltration in gastric cancer. Phenotypic analysis showed that
CD103+CD8+ T cells exhibited tissue-resident features and higher
cytotoxic activity than total CD103-CD8+ T cells. Moreover,
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CD103+CD8+ T cells expressed higher levels of coinhibitory
receptors than CD103-CD8+ T cells and had the potential to be
target cells for immunotherapy in gastric cancer. Conclusively, our
results suggested that CD103+CD8+ T cells played an important
role in anti-tumour immunity and could be a useful prognostic
and predictive biomarker in gastric cancer.

METHODS
Study population
Initially, data from 496 gastric cancer patients who underwent
radical gastrectomy between 2007 and 2008 were obtained from
Zhongshan Hospital. However, only 468 of the 496 patients had
comprehensive information about chemotherapy, clinicopatholo-
gical data and survival outcomes for complete analysis. In this
study, nine patients with distant metastasis were excluded, and
11 dots on the tissue microarrays (TMAs) were lost after
immunohistochemistry. Consequently, we included 448 patients
from Zhongshan Hospital (Zhongshan Cohort) in our study.
Demographic and clinical data were collected retrospectively.
Cancer stages were determined according to the 7th edition of
the American Joint Committee on Cancer (AJCC) TNM classifica-
tion. Postoperative adjuvant chemotherapy (ACT) was adminis-
tered to patients according to NCCN guidelines for gastric cancer
and patients’ wills. Two independent public datasets, GSE84437
and GSE62254, were employed for external validation. After
excluding patients with distant metastasis or incomplete data, 431
patients from GSE84437 and 220 patients from GSE62254 were
included in the subsequent analysis. Additionally, a total of 36
fresh tumour tissue samples were obtained during surgery at the
Department of General Surgery of Zhongshan Hospital for flow
cytometry analysis. Written informed consent was obtained from
each patient, and the study was approved by the institutional
review board and ethics committee of Zhongshan Hospital, Fudan
University.

Multicolour immunohistochemistry and immunofluorescence
analysis
The TMAs of the Zhongshan cohort were constructed as
previously described.19 Dual immunohistochemistry (IHC) staining
was performed. Briefly, the TMA slides were dewaxed in an oven
and treated with water bath-heated xylene and graded alcohols.
The slides were heated in sodium citrate buffer (0.01 M sodium
citrate buffer, pH= 6) for 15 min for antigen retrieval. Normal goat
serum blocking solution was applied for 20min at 37 °C. Then,
anti-CD103 antibody (Abcam, ab129202, diluted at 1:300) was
applied for 2 h at 37 °C. After the primary antibody incubation, a
general two-step kit detection system was used (HRP, Mo/Ra;
ZSGB Biotech, PV-9000) with DAB. The slides were washed again
and incubated with anti-CD8A primary antibody (Abcam,
ab199016, diluted at 1:1500) overnight at 4 °C. TMA slides were
subsequently washed, incubated with AP-labelled secondary
antibody and stained with Vector Blue (Vector Blue AP Substrate
Kit detection system; Vector Labs, SK-5300). Finally, the sections
were washed, dehydrated and mounted. For immunofluorescence
staining, the sections were incubated with the primary antibodies
overnight at 4 °C. Then, samples were incubated with FITC-
conjugated and TRITC-conjugated secondary antibodies for 2 h at
37 °C. Finally, the slides were mounted with anti-fade mounting
solution containing DAPI. The slides were captured using a Leica
DMi8 microscope.

Evaluation of the CD103+CD8+ T cell density in IHC specimens
After dual IHC staining, CD103 and CD8 were stained brown and
blue, respectively. CD103+CD8+ T cells were dark brown and
could be easily distinguished from single-positive cells (Fig. 1d).
The three most representative high-power fields were captured at
×200 magnification (0.284 mm2 per field) for each tumour region

in all specimens under a Nikon eclipse Ti-s microscope (Nikon,
Tokyo, Japan). Then, two pathologists (L. Chen and P. Zhang) who
were blinded to the patients’ clinical data determined the number
of CD103+CD8+ cells (cells stained in dark brown), CD103-CD8+

cells (cells stained in blue) and CD103+CD8- cells (cells stained in
light brown) in each field. Additionally, the numbers of
CD103+CD8+ and CD103-CD8+ cells were summed as the number
of total CD8+ T cells, while the number of total CD103+ cells was
the sum of CD103+CD8+ and CD103+CD8- cells. In case of
disagreement, the pictures were reviewed, and a consensus was
reached by the two observers. Finally, three fields were averaged
as the ultimate score of each sample.

Flow cytometry
Freshly isolated gastric cancer tissues were prepared as previously
reported.20 Briefly, after the red blood cells were lysed, samples
were incubated with Human BD Fc Block (BD Biosciences) and
then stained with the indicated monoclonal antibodies (mAbs) for
30min at 4 °C in the dark. If necessary, the Fixation/Permeabiliza-
tion Solution Kit and Transcription Factor Fixation/Permeabiliza-
tion buffer set (BD Biosciences) were used according to the
manufacturer’s instructions. Stained cells were washed and
resuspended in cell staining buffer. Cell apoptosis was assessed
with the use of FITC Annexin V Apoptosis Detection Kit I following
the manufacturer’s instructions. Subsequently, the stained cells
were separated with a FACSCelesta flow cytometer (BD Bios-
ciences) and analysed with FlowJo software (Tree Star). The
following human antibodies (clones) were used: anti-CD45 (2D1),
anti-CD3 (HIT3a), anti-CD8 (RPA-T8), anti-CD49a (TS2/7), anti-CCR7
(3D12), anti-TCF-1 (7F11A10), anti-granzyme-B (QA16A02), anti-
CTLA-4 (BNI3), anti-LAG-3 (11C3C65), anti-IFN-γ (4 S. B3), anti-TNF-
α (MAb11), anti-CD326 (Epcam, 8C4) and anti-Ki-67 (Cat#350522,
clone number not provided) were from BioLegend; anti-CD103
(Ber-ACT8), anti-CD69 (FN50), anti-RUNX3 (R3-5G4), anti-BLIMP-1
(6D3), anti-HOBIT (Sanquin-Hobit/1), anti-CD107a (H4A3),
anti-perforin (δG9), anti-TIM-3 (7D3), anti-IL-2 (MQ1-17H12) and
FITC Annexin V Apoptosis Detection Kit I were from BD
Biosciences; anti-CD62L (LT-TD180) and anti-PD-1 (MIH4) were
from eBioscience. The detailed experimental setups are shown in
Table S1. Flow cytometry results were analysed with FlowJo
software (Tree Star).

In vitro therapeutic assay
Tumour single-cell suspensions were obtained from fresh tumour
tissues as mentioned above. The digests were cultured in assay
medium (RPMI-1640 medium with 100 U/mL penicillin, 100 µg/mL
streptomycin and 10% foetal bovine serum) with anti-CD3
antibody (0.5 µg/ml, OKT3; BioLegend) and anti-CD28 antibody
(2 μg/ml, clone 28.2; eBioscience) in the presence of pembrolizu-
mab (5 µg/ml; Selleck) or isotype control as previously described.21

After 24 h of incubation, cells were collected, washed, and
analysed by flow cytometry.

Public dataset analysis
The GEO datasets GSE84437 and GSE62254 were downloaded
from the respective repository in the Gene Expression Omnibus
(https://www.ncbi.nlm.nih.gov/geo/). Intratumoural CD8+ T cell
abundance was estimated based on microarray data by the
CIBERSORT algorithm using LM22 as the expression signature.22 As
CIBERSORT did not contain the CD103+CD8+ T cell subset, we
used the single sample gene set enrichment analysis (ssGSEA)
programme to estimate the relative abundance of intratumoural
CD103+CD8+ T cells. In brief, we first obtained a marker geneset
of CD103+CD8+ T cells from MSigDB (GSE39152_CD103_NEG_V-
S_POS_MEMORY_CD8_TCELL_DN). Next, the gene set variation
analysis (GSVA) R package and its ssGSEA method (http://www.
bioconductor.org) were implemented to further obtain the GSVA
scores of the marker gene set for each sample in the two GEO
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datasets.23,24 The GSVA score represented the degree of absolute
enrichment of the CD103+CD8+ T cell marker geneset in each
sample, which indicated the relative abundance of intratumoural
CD103+CD8+ T cells.

Statistical analysis
Statistical analysis was performed using GraphPad Prism (version
6.00), R software (version 3.5.3), MedCalc (version 12.7.0) or IBM
SPSS Statistics (version 21) software. The cut-off values to
discriminate high- and low-density groups were determined by
the minimum P method using X-tile software for all markers in all
three independent cohorts. Ultimately, 37/HPF, -0.007593 and
0.268 were determined as the cut-off values for CD103+CD8+

T cells in the Zhongshan cohort, GSE84437 and GSE62254,
respectively. The survival outcomes between two patient sub-
populations were compared using the Kaplan–Meier method and
log-rank test. Comparisons between two sample groups were
made with Student’s t-test. Correlations between the data were
assessed using Spearman’s correlation test. Grouped data in the
figures are represented by the means ± SDs. For all tests in this
study, a P-value of <0.05 was considered statistically significant.

RESULTS
The presence of CD103+CD8+ T cells in gastric cancer and its
association with clinicopathological features
Flow cytometric analysis of single-cell suspensions of human
gastric cancer tissues revealed that CD103 was predominantly

expressed on CD3+CD8+ T cells in gastric cancer tissues (Fig. 1a,
b). Then, we confirmed the co-expression of CD103 and CD8 on
tumour-infiltrating lymphocytes in formalin-fixed paraffin-
embedded gastric cancer tissues by immunofluorescence (Fig. 1c).
To assess the density of intratumoural CD103+CD8+ T cells in
gastric cancer tissue microarrays, double staining immunohisto-
chemistry was employed (Fig. 1d). Afterwards, we analysed the
association between CD103+CD8+ T cell infiltration and clinico-
pathologic features in the three independent cohorts, but no
significant association was found (Table S2).

CD103+CD8+ T cells have superior prognostic ability in patients
with gastric cancer
To evaluate the clinical significance of CD103+CD8+ T cells in
anti-tumour immunity, Kaplan–Meier analysis was performed in
the three independent cohorts of gastric cancer. A higher
density of intratumoural CD103+CD8+ T cells was associated
with improved overall survival (OS) in all three cohorts (Fig. 2a,
b, c; P < 0.001, P= 0.002 and P < 0.001, respectively). Although
CD8+ T cells were associated with patient survival, it was
probable that some intratumoural CD8+ T cells were only
bystanders rather than active participants in the immune
response. Consequently, we intended to explore whether
CD103 expression on intratumoural CD8+ T cells could identify
a CD8+ T cell subset with superior prognostic power in gastric
cancer. A higher density of total CD8+ T cells indicated
improved overall survival in the three cohorts (Fig. 2d, e, f;
P= 0.012, P= 0.042 and P= 0.013, respectively). Interestingly,
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when we combined CD8+ T cells with CD103+CD8+ T cells for
survival analysis, we found that CD103+CD8+ T cell density
could further stratify the patients with high CD8+ T cell
infiltration into two subgroups with significant survival

differences (Fig. 2g, h, i; P= 0.028, P= 0.018 and P= 0.003,
respectively). These results suggested that CD103+CD8+ T cells
had superior prognostic abilities compared with total CD8+

T cells in gastric cancer.
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Increased CD103+CD8+ T cell infiltration predicts better efficacy of
adjuvant chemotherapy after surgery in stage II/III gastric cancer
patients
In the Zhongshan cohort and GSE62254, treatment with
fluorouracil-based ACT was associated with better OS in patients
with TNM II/III gastric cancer (Fig. 3a, b), a relationship that was
identified by the CLASSIC trials.25 To evaluate the predictive value
of intratumoural CD103+CD8+ T cells for ACT, we investigated the
association between ACT and OS among patients with TNM II/III
stage disease in the Zhongshan cohort and GSE62254 belonging
to different CD103+CD8+ T cell infiltration groups. For patients
with high CD103+CD8+ T cell infiltration, ACT provided a
significant survival benefit in both the Zhongshan cohort and
GSE62254 (P < 0.001 and P= 0.035, respectively; Fig. 3c, d).
Interestingly, ACT did not improve the overall survival of patients
with low CD103+CD8+ T cell infiltration in the two cohorts (P=
0.346 and P= 0.429, respectively; Fig. 3e, f). These results indicated
that intratumoural CD103+CD8+ T cell infiltration could identify
patients who might benefit more from adjuvant chemotherapy.

Intratumoural CD103+CD8+ T cells show tissue residency features
Previous studies have indicated that CD103+CD8+ T cells are a
subset that mainly reside in non-lymphoid tissues,26 so we
explored whether they retain this characteristic in gastric cancer.
By flow cytometry, we found that CD103+CD8+ T cells expressed
higher levels of molecules involved in tissue retention of
lymphocytes, such as CD69 and CD49a, than their counterparts

(Fig. 4a). In contrast, CCR7 and CD62L, which are associated with
tissue egress, were rarely expressed by the CD103+CD8+ T cell
subset (Fig. 4b). Given the distinct expression of tissue retention-
and tissue egress-related molecules, we assumed that this tissue
residency paradigm was regulated by a unique repertoire of
transcription factors. In our following study, a higher percentage
of RUNX3+ and HOBIThigh/BLIMP-1low cells was observed in the
CD103+CD8+ T cell than in the CD103-CD8+ T cells (Fig. 4c, e).
However, TCF1, a transcriptional activator of the genes encoding
CCR7 and CD62L, showed a significantly lower frequency in the
CD103+CD8+ T cell subset than in CD103+CD8+ T cells (Fig. 4d).
Conclusively, these results showed that intratumoural
CD103+CD8+ T cells displayed tissue residency features.

Intratumoural CD103+CD8+ T cells exhibit a highly activated
phenotype in gastric cancer
We investigated the unique functional phenotype of intratu-
moural CD103+CD8+ T cells. A lower frequency of Ki-67+ cells was
found in CD103+CD8+ T cells than in CD103−CD8+ T cells, which
indicated that CD103+CD8+ cells had a lower proliferative ability.
However, effector molecules related to cytolytic activity, such as
granzyme B (GZMB), perforin (PRF1) and CD107a, were highly
expressed by CD103+CD8+ T cells. The effector function of CD8+

T cells was also assessed by analysing their ability to produce
cytokines, including interleukin-2 (IL-2), interferon-gamma (IFN-γ)
and tumour necrosis factor-alpha (TNF-α). Interestingly,
CD103+CD8+ T cells showed only higher IFN-γ expression (Fig. 5c).
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Furthermore, we examined the co-expression of the three
cytokines (IFN-γ, IL-2 and TNF-α) and found an increased
frequency of IFN-γ+TNF-α+IL-2− and IFN-γ+TNF-α−IL-2− cells but
a decreased frequency of IFN-γ−TNF-α−IL-2+ cells among
CD103+CD8+ T cells compared with the respective numbers in
their CD103− counterparts (Fig. 5d). Notably, CD103+CD8+ T cells
also expressed higher levels of coinhibitory receptors in gastric
cancer than CD103−CD8+ T cells (Fig. 5e). Collectively, these data
showed that intratumoural CD103+CD8+ T cells displayed a highly
activated phenotype with lower proliferative potential, higher
cytotoxicity and higher coinhibitory receptor expression than
CD103−CD8+ T cells, as well as a distinct cytokine production
capacity.

Intratumoural CD103+CD8+ T cells are more functionally restored
following PD-1 blockade in gastric cancer than CD103−CD8+

T cells
Previous studies have shown that CD103+CD8+ T cells rather than
CD103−CD8+ T cells are promising targets for immune checkpoint
inhibitors.27 Consequently, we further examined whether

CD103+CD8+ T cells and CD103−CD8+ T cells respond differently
to PD-1 blockade in gastric cancer. Flow cytometry analysis
showed that PD-1 blockade had a more profound effect on the
effector molecule expression of CD103+CD8+ T cells than on that
of CD103−CD8+ T cells (Fig. 6a, b). However, we found that
CD103−CD8+ T cells, rather than CD103+CD8+ T cells, showed a
proliferation burst after PD-1 blockade (Fig. 6c). Notably, there
were more Annexin V+ epithelial cells and fewer Ki-67+ epithelial
cells with the increase in intratumoural CD103+CD8+ T cell
frequency after pembrolizumab treatment (Fig. 6d). These data
suggested that CD103+CD8+ T cells were more responsive to PD-1
blockade than CD103−CD8+ T cells and had the potential to be a
predictor for immunotherapeutic efficacy.

DISCUSSION
In this study, we characterised the prognostic value, phenotype
and function of intratumoural CD103+CD8+ T cells in gastric
cancer. We found that CD103+CD8+ T cell infiltration had strong
prognostic value and indicated a superior response to adjuvant
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chemotherapy in gastric cancer. Intratumoural CD103+CD8+

T cells retained tissue-resident properties in gastric cancer, as do
those in other non-lymphoid tissues. Flow cytometry analysis
showed that CD103+CD8+ T cells had stronger cytotoxic capacity
as well as coinhibitory receptor expression than CD103−CD8+

T cells. Moreover, we found that CD103+CD8+ T cells were more
effectively reinvigorated by PD-1 blockade than CD103−CD8+

T cells. These findings highlight the critical role of CD103+CD8+

T cells in the immune response against gastric cancer.
Prognostic assessment is crucial for appropriate treatment

choices. Recently, the prognostic significance of tumour-

infiltrating immune cells has drawn increasing attention because
of their critical role in tumorigenesis and progression. In this study,
we found that patients with high infiltration of CD103+CD8+

T cells had improved overall survival in a large TMA cohort, which
was further validated in two external public datasets, GSE62254
and GSE84437. To the best of our knowledge, our study is the first
to identify intratumoural CD103+CD8+ T cell density as a useful
prognostic factor in gastric cancer. Remarkably, our study also
revealed the predictive value of intratumoural CD103+CD8+

T cells in response to ACT. For stage II/III patients, fluorouracil-
based ACT is recommended as a first-line adjuvant therapy
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regimen.25,28,29 However, not everyone benefits from adjuvant
chemotherapy, and the criterion for the selection of candidates is
still controversial in clinical practice.30 To avoid excessive toxicities,
it is important to identify patients who will be more sensitive to
chemotherapy. Our findings will be useful for better selection and
management of patients who are strongly recommended for
adjuvant chemotherapy.
Considering the superior prognostic power of intratumoural

CD103+CD8+ T cells compared with total CD8+ T cells, we further
explored the phenotypic characteristics of intratumoural
CD103+CD8+ T cells. CD103+CD8+ T cells in gastric cancers
exhibited a similar phenotype to those in other non-lymphoid
tissues, including downregulation of lymph node homing-
associated molecules (e.g. CD62L, CCR7 and TCF-1)31–33 and
upregulation of tissue residency-promoting molecules (e.g. CD69,
CD49a and RUNX3),34–36 which indicated the tissue-resident
features of CD103+CD8+ T cells in gastric cancer. Notable in this
repertoire was the expression of the transcription factor HOBIT
and its homologue BLIMP-1, which co-regulate the formation and/
or maintenance of tissue-resident T cells.37 In our current study,
we found that intratumoural CD103+CD8+ T cells in gastric cancer
exhibited a HOBIThigh/BLIMP-1low phenotype, which was incon-
sistent with findings in human lung tissues.38 Indeed, despite their
commonalities, tissue-resident lymphocytes may display a vast
number of specific transcripts in different tissues or at different
stages.39 These findings might reflect differences in signals from
the local microenvironment modulating CD103+CD8+ formation.
Our study indicated that CD103+CD8+ T cells showed high

levels of cytolytic enzyme expression and IFN-γ production despite
the high expression of multiple inhibitory receptors. These results
were consistent with O’Brien SM’s findings, which showed that
CD103+CD8+ T cells produced more IFN-γ than their CD103-

counterparts despite high expression of coinhibitory receptors.40

Although a hallmark of dysfunctional T cells within the tumour
microenvironment is the overexpression of coinhibitory receptors,
the actual contribution of these coinhibitory receptors to the
dysfunctional state is still controversial.41–43 Multiple studies have
revealed that coinhibitory receptors are also induced when T cells
are highly activated. Conclusively, we speculated that
CD103+CD8+ T cells represented a highly activated T cell subset.
Interestingly, although CD103+CD8+ T cells seemed to be

hyperfunctional, PD-1 blockade had a more significant influence
on CD103+CD8+ T cells than their counterparts in gastric cancer.
Previous studies have demonstrated that CD103+CD8+ T cells
might be a major cellular target of anti-PD-1 therapy in patients
with melanoma and lung cancer.44,45 Our data strongly suggested
that CD103+CD8+ T cell density could predict the effectiveness of
checkpoint blockade in vitro. Nevertheless, these findings still
need further confirmation in larger, multicentre patient cohorts.
The main limitation of our study was the lack of in vivo

validation because no appropriate mouse-derived cell line for
gastric cancer could be acquired for building an immune-
competent mouse model. Moreover, we did not identify the exact
cytokines that determined the formation and differentiation of the
CD103+CD8+ T cell subset in gastric cancer, and these ideas
require further elucidation in our following studies. Moreover,
since the minimum P method was used to determine the cut-off
values, these cut-off values might not be reliable or reproducible.
In summary, we identified and validated a subtype of gastric

cancer with high CD103+CD8+ T cell density that indicated
superior survival outcomes and response to adjuvant chemother-
apy. Further analysis showed that CD103+CD8+ T cells could
possibly exert superior anti-tumour effects with stronger retention
capacity and cytotoxicity than CD103-CD8+ T cells. Furthermore,
CD103+CD8+ T cells are further functionally restored after PD-1
blockade, indicating that CD103+CD8+ T cells might be a potential
cellular target of anti-PD-1 therapy.

ACKNOWLEDGEMENTS
We would like to thank Peipei Zhang from the Department of Pathology, Ruijin
Hospital, Shanghai Jiao Tong University School of Medicine, for her contribution to
the evaluation of immunohistochemistry results.

AUTHOR CONTRIBUTIONS
R.L., H.L. and Y.C. for acquisition of data, analysis and interpretation of data, statistical
analysis and drafting of the manuscript; J.W., Y.C., Y.Q., K.L., X.L., K.Y., C.L., H.Z., H.H.,
H.L., L.C., Z.S. and J.Q. for technical and material support; W.Z., Y.S. and J.X. for study
concept and design, analysis and interpretation of data, drafting of the manuscript,
obtainment of funding and study supervision. All authors read and approved the final
manuscript.

ADDITIONAL INFORMATION
Ethics approval and consent to participate The protocol of all study cohorts was
approved by the institutional review board and ethics committee of Zhongshan
Hospital, Fudan University. Written informed consent was obtained from each patient
included, and this study was performed in accordance with the Declaration of
Helsinki.

Data availability All data generated that are relevant to the results presented in this
article are included in this article. Other data that were not relevant for the results
presented here are available from the corresponding author Dr Xu upon reasonable
request.

Competing interests The authors declare no competing interests.

Funding information This study was funded by grants the National Natural Science
Foundation of China (81671628, 81672324, 31770851, 81871306, 81871926,
81871930, 81902402, 81902901 and 81972219), Shanghai Municipal Natural Science
Foundation (18ZR1432900), and the Shanghai Sailing Program (17YF1402200,
18YF1404600 and 19YF1407500). All these study sponsors had no roles in the study
design or in the collection, analysis and interpretation of data.

Supplementary information is available for this paper at https://doi.org/10.1038/
s41416-020-0813-y.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims
in published maps and institutional affiliations.

REFERENCES
1. Van Cutsem, E., Sagaert, X., Topal, B., Haustermans, K. & Prenen, H. Gastric cancer.

Lancet (Lond., Engl.) 388, 2654–2664 (2016).
2. Cheong, J. H., Yang, H. K., Kim, H., Kim, W. H., Kim, Y. W., Kook, M. C. et al.

Predictive test for chemotherapy response in resectable gastric cancer: a multi-
cohort, retrospective analysis. Lancet Oncol. 19, 629–638 (2018).

3. Wang, F., Meng, W., Wang, B. & Qiao, L. Helicobacter pylori-induced gastric
inflammation and gastric cancer. Cancer Lett. 345, 196–202 (2014).

4. Yolanda, L. V., Sergio, P. D., Hugo, E. S., Isabel, A. F., Rafael, B. Z., Aldo, T. D. et al.
Gastric cancer progression associated with local humoral immune responses.
BMC Cancer 15, 924 (2015).

5. Tsujimoto, H., Ono, S., Ichikura, T., Matsumoto, Y., Yamamoto, J. & Hase, K. Roles of
inflammatory cytokines in the progression of gastric cancer: friends or foes?
Gastric Cancer. Off. J. Int. Gastric Cancer. Assoc. Jpn. Gastric Cancer. Assoc. 13,
212–221 (2010).

6. Kang, B. W., Seo, A. N., Yoon, S., Bae, H. I., Jeon, S. W., Kwon, O. K. et al. Prognostic
value of tumor-infiltrating lymphocytes in Epstein-Barr virus-associated gastric
cancer. Ann. Oncol. Off. J. Eur. Soc. Med. Oncol. 27, 494–501 (2016).

7. Zhang, H., Liu, H., Shen, Z., Lin, C., Wang, X., Qin, J. et al. Tumor-infiltrating
neutrophils is prognostic and predictive for postoperative adjuvant chemother-
apy benefit in patients with gastric cancer. Ann. Surg. 267, 311–318 (2018).

8. Jiang, Y., Zhang, Q., Hu, Y., Li, T., Yu, J., Zhao, L. et al. ImmunoScore signature: a
prognostic and predictive tool in gastric cancer. Ann. Surg. 267, 504–513
(2018).

9. Sharma, P., Shen, Y., Wen, S., Yamada, S., Jungbluth, A. A., Gnjatic, S. et al. CD8
tumor-infiltrating lymphocytes are predictive of survival in muscle-invasive uro-
thelial carcinoma. Proc. Natl Acad. Sci. USA 104, 3967–3972 (2007).

Identification and validation of an immunogenic subtype of gastric cancer. . .
R Li et al.

1533

https://doi.org/10.1038/s41416-020-0813-y
https://doi.org/10.1038/s41416-020-0813-y


10. Mahmoud, S. M., Paish, E. C., Powe, D. G., Macmillan, R. D., Grainge, M. J., Lee, A. H.
et al. Tumor-infiltrating CD8+ lymphocytes predict clinical outcome in breast
cancer. J. Clin. Oncol. Off. J. Am. Soc. Clin. Oncol. 29, 1949–1955 (2011).

11. Donnem, T., Hald, S. M., Paulsen, E. E., Richardsen, E., Al-Saad, S., Kilvaer, T. K. et al.
Stromal CD8+ T-cell density-A promising supplement to TNM staging in non-
small cell lung cancer. Clin. Cancer Res. Off. J. Am. Assoc. Cancer Res. 21,
2635–2643 (2015).

12. Thompson, E. D., Zahurak, M., Murphy, A., Cornish, T., Cuka, N., Abdelfatah, E. et al.
Patterns of PD-L1 expression and CD8 T cell infiltration in gastric adenocarci-
nomas and associated immune stroma. Gut 66, 794–801 (2017).

13. Wen, T., Wang, Z., Li, Y., Li, Z., Che, X., Fan, Y. et al. A four-factor immunoscore
system that predicts clinical outcome for stage II/III gastric cancer. Cancer
Immunol. Res. 5, 524–534 (2017).

14. Zheng, C., Zheng, L., Yoo, J. K., Guo, H., Zhang, Y., Guo, X. et al. Landscape of
infiltrating T cells in liver cancer revealed by single-cell sequencing. Cell 169,
1342–1356 (2017). e16.

15. Boutet, M., Gauthier, L., Leclerc, M., Gros, G., de Montpreville, V., Theret, N. et al.
TGFbeta signaling intersects with CD103 integrin signaling to promote T-
lymphocyte accumulation and antitumor activity in the lung tumor micro-
environment. Cancer Res. 76, 1757–1769 (2016).

16. Webb, J. R., Milne, K. & Nelson, B. H. PD-1 and CD103 are widely coexpressed on
prognostically favorable intraepithelial CD8 T cells in human ovarian cancer.
Cancer Immunol. Res. 3, 926–935 (2015).

17. Djenidi, F., Adam, J., Goubar, A., Durgeau, A., Meurice, G., de Montpreville, V. et al.
CD8+CD103+ tumor-infiltrating lymphocytes are tumor-specific tissue-resident
memory T cells and a prognostic factor for survival in lung cancer patients. J.
Immunol. (Baltim., Md: 1950). 194, 3475–3486 (2015).

18. Solomon, B., Young, R. J., Bressel, M., Cernelc, J., Savas, P., Liu, H., et al. Identification
of an excellent prognosis subset of human papillomavirus associated orophar-
yngeal cancer patients by quantification of intratumoral CD103+ immune cell
abundance. Ann. Oncol. Off. J. Euro. Soc. Med. Oncol. 30, 1638–1646 (2019).

19. Cao, Y., Liu, H., Li, H., Lin, C., Li, R., Wu, S. et al. Association of O6-methylguanine-
DNA methyltransferase protein expression with postoperative prognosis and
adjuvant chemotherapeutic benefits among patients with stage II or III gastric
cancer. JAMA Surg. 152, e173120 (2017).

20. Fu, Q., Xu, L., Wang, Y., Jiang, Q., Liu, Z., Zhang, J. et al. Tumor-associated mac-
rophage-derived interleukin-23 interlinks kidney cancer glutamine addiction with
immune evasion. Eur. Urol. 75, 752–763 (2019).

21. Thommen, D. S., Schreiner, J., Muller, P., Herzig, P., Roller, A., Belousov, A. et al.
Progression of lung cancer is associated with increased dysfunction of T cells
defined by coexpression of multiple inhibitory receptors. Cancer Immunol. Res. 3,
1344–1355 (2015).

22. Newman, A. M., Liu, C. L., Green, M. R. Robust enumeration of cell subsets from
tissue expression profiles. 12, 453-457 (2015).

23. Hanzelmann, S., Castelo, R. & Guinney, J. GSVA: gene set variation analysis for
microarray and RNA-seq data. BMC Bioinforma. 14, 7 (2013).

24. Xiao, Y., Ma, D., Zhao, S., Suo, C., Shi, J., Xue, M. Z. et al. Multi-omics profiling
reveals distinct microenvironment characterization and suggests immune escape
mechanisms of triple-negative breast cancer. Clin. Cancer Res. Off. J. Am. Assoc.
Cancer Res. 25, 5002–5014 (2019).

25. Noh, S. H., Park, S. R., Yang, H. K., Chung, H. C., Chung, I. J., Kim, S. W. et al.
Adjuvant capecitabine plus oxaliplatin for gastric cancer after D2 gastrectomy
(CLASSIC): 5-year follow-up of an open-label, randomised phase 3 trial. Lancet
Oncol. 15, 1389–1396 (2014).

26. Schenkel, J. M. & Masopust, D. Tissue-resident memory T cells. Immunity 41,
886–897 (2014).

27. Mami-Chouaib, F., Blanc, C., Corgnac, S., Hans, S., Malenica, I., Granier, C. et al.
Resident memory T cells, critical components in tumor immunology. J. Immun-
other. Cancer 6, 87 (2018).

28. Nishida, T. Adjuvant therapy for gastric cancer after D2 gastrectomy. Lancet
(Lond., Engl.) 379, 291–292 (2012).

29. Bang, Y. J., Kim, Y. W., Yang, H. K., Chung, H. C., Park, Y. K., Lee, K. H. et al. Adjuvant
capecitabine and oxaliplatin for gastric cancer after D2 gastrectomy (CLASSIC): a
phase 3 open-label, randomised controlled trial. Lancet (Lond., Engl.) 379,
315–321 (2012).

30. Jiang, Y., Xie, J., Han, Z., Liu, W., Xi, S., Huang, L. et al. Immunomarker support
vector machine classifier for prediction of gastric cancer survival and adjuvant
chemotherapeutic benefit. Clin. Cancer Res. Off. J. Am. Assoc. Cancer Res. 24,
5574–5584 (2018).

31. Bromley, S. K., Thomas, S. Y. & Luster, A. D. Chemokine receptor CCR7 guides T
cell exit from peripheral tissues and entry into afferent lymphatics. Nat. Immunol.
6, 895–901 (2005).

32. Hombrink, P., Helbig, C., Backer, R. A., Piet, B., Oja, A. E., Stark, R. et al. Programs
for the persistence, vigilance and control of human CD8(+) lung-resident
memory. T Cells 17, 1467–1478 (2016).

33. Zhou, X., Yu, S., Zhao, D. M., Harty, J. T., Badovinac, V. P. & Xue, H. H. Differ-
entiation and persistence of memory CD8(+) T cells depend on T cell factor 1.
Immunity 33, 229–240 (2010).

34. Mackay, L. K., Braun, A., Macleod, B. L., Collins, N., Tebartz, C., Bedoui, S. et al.
Cutting edge: CD69 interference with sphingosine-1-phosphate receptor func-
tion regulates peripheral T cell retention. J. Immunol. (Baltim., Md: 1950). 194,
2059–2063 (2015).

35. Richter, M. V. & Topham, D. J. The alpha1beta1 integrin and TNF receptor II
protect airway CD8+ effector T cells from apoptosis during influenza infection. J.
Immunol. (Baltim., Md: 1950). 179, 5054–5063 (2007).

36. Milner, J. J., Toma, C., Yu, B., Zhang, K., Omilusik, K., Phan, A. T. et al. Runx3
programs CD8(+) T cell residency in non-lymphoid tissues and tumours. Nature
552, 253–257 (2017).

37. Mackay, L. K., Minnich, M., Kragten, N. A., Liao, Y., Nota, B., Seillet, C. et al. Hobit
and Blimp1 instruct a universal transcriptional program of tissue residency in
lymphocytes. Science 352, 459–463 (2016).

38. Behr, F. M., Kragten, N. A. M., Wesselink, T. H., Nota, B., van Lier, R. A. W., Amsen, D.
et al. Blimp-1 rather than hobit drives the formation of tissue-resident memory
CD8(+) T cells in the lungs. Front. Immunol. 10, 400 (2019).

39. Park, S. L., Gebhardt, T. & Mackay, L. K. Tissue-resident memory T cells in cancer
immunosurveillance. Trends Immunol. 40, 735–747 (2019).

40. O’Brien, S. M. & Klampatsa, A. Function of human tumor-infiltrating lymphocytes
in early-stage non-small cell. Lung Cancer 7, 896–909 (2019).

41. Fourcade, J., Sun, Z., Pagliano, O., Guillaume, P., Luescher, I. F., Sander, C. et al.
CD8(+) T cells specific for tumor antigens can be rendered dysfunctional by the
tumor microenvironment through upregulation of the inhibitory receptors BTLA
and PD-1. Cancer Res. 72, 887–896 (2012).

42. Wherry, E. J. & Kurachi, M. Molecular and cellular insights into T cell exhaustion.
Nat. Rev. Immunol. 15, 486–499 (2015).

43. Blank, C. U., Haining, W. N. & Held, W. Defining ‘T cell exhaustion’. Nat. Rev.
Immunol. 19, 665–674 (2019).

44. Edwards, J., Wilmott, J. S., Madore, J., Gide, T. N., Quek, C., Tasker, A. et al.
CD103(+) tumor-resident CD8(+) T cells are associated with improved survival in
immunotherapy-naive melanoma patients and expand significantly during anti-
PD-1 treatment. Clin. Cancer Res. 24, 3036–3045 (2018).

45. Clarke, J., Panwar, B., Madrigal, A., Singh, D., Gujar, R., Wood, O. et al. Single-cell
transcriptomic analysis of tissue-resident memory. T Cells Hum. Lung Cancer 216,
2128–2149 (2019).

Open Access This article is licensed under a Creative Commons
Attribution 4.0 International License, which permits use, sharing,

adaptation, distribution and reproduction in anymedium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative
Commons license, and indicate if changes were made. The images or other third party
material in this article are included in the article’s Creative Commons license, unless
indicated otherwise in a credit line to the material. If material is not included in the
article’s Creative Commons license and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly
from the copyright holder. To view a copy of this license, visit http://creativecommons.
org/licenses/by/4.0/.

© The Author(s) 2020

Identification and validation of an immunogenic subtype of gastric cancer. . .
R Li et al.

1534

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

	Identification and validation of an immunogenic subtype of gastric cancer with abundant intratumoural CD103+CD8+ T�cells conferring favourable prognosis
	Background
	Methods
	Study population
	Multicolour immunohistochemistry and immunofluorescence analysis
	Evaluation of the CD103+CD8+ T cell density in IHC specimens
	Flow cytometry
	In vitro therapeutic assay
	Public dataset analysis
	Statistical analysis

	Results
	The presence of CD103+CD8+ T�cells in gastric cancer and its association with clinicopathological features
	CD103+CD8+ T�cells have superior prognostic ability in patients with gastric cancer
	Increased CD103+CD8+ T cell infiltration predicts better efficacy of adjuvant chemotherapy after surgery in stage II/III gastric cancer patients
	Intratumoural CD103+CD8+ T�cells show tissue residency features
	Intratumoural CD103+CD8+ T�cells exhibit a highly activated phenotype in gastric cancer
	Intratumoural CD103+CD8+ T�cells are more functionally restored following PD-1 blockade in gastric cancer than CD103−CD8+ T�cells

	Discussion
	Acknowledgements
	Author contributions
	ADDITIONAL INFORMATION
	References




