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1  | INTRODUC TION

The emergence of immunotherapy, especially immune checkpoint 
blockade of programmed death 1 (PD-1), has changed the landscape 
of advanced gastric cancer (GC).1 Immunotherapy is thought to en-
hance the antitumor response of cytotoxic T lymphocytes, ie CD8+ 
tumor-infiltrating lymphocytes (TILs).2 CD8+ TILs are important in 

antitumor immunity and are associated with a good prognosis in 
many different types of tumors.3-5 Whether TILs can be evaluated 
with CD8 remains an open question. CD8+ T cells also include termi-
nal exhausted T cells, not all of which are activated.

Recently, tissue-resident memory T cells (TRM cells) have at-
tracted much attention. These cells reside in the tissue and do not cir-
culate back to the blood or secondary lymphoid organs.6-8 These cells 
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Abstract
Several studies have reported that tissue-resident memory T cells (TRM cells) or ter-
tiary lymphoid structures (TLSs) are associated with a good prognosis. The aim of 
this study was to clarify the association of TRM cells and TLSs in the tumor immune 
microenvironment in gastric cancer (GC). We performed immunohistochemical and 
immunofluorescence staining to detect the presence of CD103+ T cells and to assess 
the association between CD103+ T cells and TLSs. CD103+ T cells were observed 
in the tumor epithelium accompanied by CD8+ T cells and were associated with a 
better prognosis in GC. Furthermore, CD103+ T cells were located around TLSs, and 
patients with CD103high had more rich TLSs. Patients who had both CD103high cells 
and who were TLS-rich had a better prognosis than patients with CD103low cells and 
who were TLS-poor. Moreover, for patients who received PD-1 blockade therapy, 
CD103high and TLS-rich predicted a good response. Flow cytometry was performed 
to confirm the characteristics of CD103+CD8+ T cells and showed that CD103+CD8+ 
T cells in GC expressed higher levels of PD-1, granzyme B, and interferon-γ than 
CD103−CD8+ T cells. Our results suggested that CD103+CD8+ cells in GC are cor-
related with TLSs, resulting in enhanced antitumor immunity in GC.
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are defined by expression of CD103, which binds to the epithelial cell 
marker E-cadherin.6 CD8+ T cells that express CD103 are associated 
with improved survival in some cancers of epithelial origin.9-13

We need to clarify where TILs are induced. In general, tumor-
infiltrating CD8+ T cells are thought to be derived from lymphoid 
tissue. Dendritic cells that have acquired tumor antigens migrate to 
lymph nodes, and present antigen to naive T cells, and then T cells 
migrate into the blood vessels and reinvade the tumor. Conversely, we 
have observed a decrease in the antigen-presenting capacity of den-
dritic cells and a decrease in effector T cells in regional lymph nodes, 
suggesting that regional lymph nodes are not necessary to induce 
TILs.14 B cells form clusters with T cells, CD21+ follicular dendritic cells, 
and high endothelial venules. These aggregates of immune cells are re-
ferred to as tertiary lymphoid structures (TLSs). The presence of these 
structures in tumors is associated with a better prognosis.15,16 TLSs 
are associated with activation of the antitumor immune response,17,18 
and the combination of the presence of TLSs and CD8+ T cell infil-
tration is associated with superior prognosis.19 We showed that TLSs 
are commonly present in GC tissues and are associated with a favor-
able prognosis and that the presence of TLSs is positively correlated 
with tumor-infiltrating CD8+ T cells.20,21 Based on these results, we 
hypothesized that TLSs induce TILs by sensitizing naive T cells with 
antigen. Furthermore, Workel et al recently showed that TRM cells 
are associated with TLS formation,22 and several studies reported that 
TRM cells or TLSs may be a target of PD-1 blockade.12,23 Therefore, 
we considered that examining the association of these immune cells is 
important for the strategy of immunotherapy.

The aim of this study was to investigate the clinical significance 
of CD103+ T cells infiltrating into GC and their association with TLSs, 
to determine the dynamics of infiltrating effector T cells in GC.

2  | MATERIAL S AND METHODS

2.1 | Patients and samples

Tumor samples were obtained from 261 patients with primary GC who 
underwent initial surgical resection at Osaka City University Hospital 
between 2014 and 2017. The tumor samples with the deepest invaded 
site of the tumor were selected for immunohistochemistry. Patients 
who underwent additional resection after endoscopic submucosal re-
section and chemotherapy were excluded. For 64 of 261 patients with 
advanced lymph node metastasis (pathological N2 or higher), meta-
static lymph nodes near the primary tumor were used for immuno-
histochemistry. Pathological TNM staging was diagnosed histologically 
based on the 7th Edition of the Union for International Cancer Control 
TNM classification. The histological type was determined based on 
the 14th Edition of the Japanese Classification of Gastric Cancer. 
Differentiated (well differentiated, moderately differentiated and pap-
illary adenocarcinoma) and undifferentiated types (poorly differenti-
ated, mucinous adenocarcinoma and signet-ring cell carcinoma) were 
defined according to the predominant histological type in the tumor. 
This study was performed according to the Declaration of Helsinki 

and was approved by the Osaka City University Ethics Committee. 
Informed consent was obtained from all patients.

2.2 | Immunohistochemistry

Tumor specimens in paraffin-embedded blocks were cut into 
4-µm-thick sections. Nonspecific binding was blocked using non-
specific staining blocking reagent (Dako, Agilent Technologies, Inc). 
The sections were then reacted with rabbit monoclonal anti-CD103 
antibody (clone: EPR4166 (2); 1/1000; Abcam), mouse anti-CD8 
antibody (clone: C8/144; 1/250; Dako), mouse anti-CD20 antibody 
(clone: L26; prediluted; Dako, Agilent Technologies, Inc), or rabbit 
anti-CD4 antibody (clone: EPR6855; 1/250; Abcam) at 4°C over-
night. Sections were incubated with secondary antibody for 10 min 
at room temperature. After washing in phosphate-buffered saline, 
the sections were visualized using 3-3′-diamino-benzidine for 5 min 
and counterstained with hematoxylin.

2.3 | Evaluation of immunohistochemical staining

Tumor sections stained with anti-CD103, anti-CD8 and anti-CD4 
antibody were scanned at ×200 magnification, and the 5 most rep-
resentative high-power fields, regardless of tumor location, were 
randomly selected and included intratumoral CD103+, CD8+, and 
CD4+ cells. Regarding lymph nodes, we selected the metastatic 
lymph node with the highest number of CD103+ cells. We calculated 
the average number of CD103+, CD8+, and CD4+ cells in 5 fields. 
Tumor sections stained with anti-CD20 antibody were scanned at 
×20 magnification to select 3 fields with the greatest area of intra-
tumoral and peritumoral CD20+ cells, and the percentage area (%) 
of each field with CD20+ cells was calculated using ImageJ software 
(NIH). All microscopic images were imported from the digital photo 
filing system DP-73 (Olympus) and were then reviewed and con-
firmed by a pathologist who was blinded to the clinical information.

The cut-off values obtained from a receiver operating charac-
teristic (ROC) curve for postoperative recurrence as state variables 
were determined. Each ROC curve is shown in Figure  1. The cut-
off value of CD103+ T cells was 19.6 per field, that of CD8+ T cells 
was 42.0 per field, and that of CD20+ B cells was 1.59 per field. We 
divided the patients into 2 groups according to the cut-off value: 
CD103high (n = 170) and CD103low (n = 91), CD8high (n = 153) and 
CD8low (n = 108), and TLS-rich (n = 123) and TLS-poor (n = 138).

2.4 | Immunofluorescence staining of 
tissue sections

Tumor specimens in paraffin-embedded blocks were cut into 
4-µm-thick sections. Nonspecific binding was blocked using non-
specific staining blocking reagent (Dako). The sections were in-
cubated with rabbit monoclonal anti-CD103 antibody (clone: 
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EPR4166 (2); 1/1000; Abcam), mouse monoclonal anti-CD8 anti-
body (clone: C8/144; 1/250; Dako), mouse anti-CD20 antibody 
(clone: L26, prediluted; Dako, Agilent Technologies, Inc) and mouse 
anti-CD11c antibody (cat. no. ab215858; 1/100; Abcam) at 4°C 
overnight. The sections were subsequently incubated with Alexa 
Fluor 488-labeled goat polyclonal anti-mouse IgG antibody (cat. no. 
ab150113; 1/1000; Abcam) and Alexa Fluor 647-labeled goat poly-
clonal anti-rabbit IgG antibody (cat. no. ab150079; 1/1000; Abcam) 
for 1 h at room temperature. The sections were covered with glass 
using ProLong™ Gold antifade reagent with DAPI (cat. no. P36935; 
Invitrogen/Thermo Fisher Scientific). Digital images were taken 
with an all-in-one fluorescence microscope (BZ-8000; Keyence).

2.5 | Flow cytometry

Single-cell suspensions isolated from 6 patients with GC were 
stained for surface and intracellular markers for flow cytometry 
analysis. Briefly, tumor tissues were minced and digested with 
type I collagenase (1 mg/mL; Sigma) in DMEM at 37°C for 30 min. 
Subsequently, the dispersed cells were filtered through a 70-μm fil-
ter and washed with phosphate-buffered saline.

CD8+ TILs were isolated from the single-cell suspensions using 
the REALease® CD8 (TIL) MicroBead Kit (Miltenyi Biotec) according 
to the manufacturer's instructions and then were stained with the 
following antibodies: anti-CD8-PE (clone: RPA-T8; BD Biosciences), 
anti-CD103-BV421 (clone: Ber-ACT8; BD Biosciences), anti-PD-1-
APC (clone: MIH4; BD Biosciences).

To measure cytokine production by T cells, CD8+ TILs were stim-
ulated in LymphoONE T-Cell Expansion Xeno-Free Medium (cat. no. 
WK552S; TaKaRa Bio) in combination with RetroNectin (25  μg/
mL; cat. no. T100A; TaKaRa Bio), anti-CD3 (5 μg/mL; clone: OCK3; 
TaKaRa Bio), and recombinant interleukin-2 (200  U/mL; cat. no. 
200-02; PeproTech), according to the manufacturer's instructions. 
After 48  h of incubation, cells were collected, permeabilized and 
fixed using the Fixation/Permeabilization Solution (BD Biosciences) 

on ice for 20  min. Cells were then washed with Perm/Wash TM 
Buffer (BD Biosciences) and stained with anti-granzyme B-Alexa 
Fluor 647 (clone: GB11; BD Biosciences) and anti-interferon (IFN)-
γ-BV 480 (clone: B27; BD Biosciences) at 4°C for 30 min.

To measure T cell apoptosis, cells were stained with Fixable 
Viability Stain 620 (cat. no. 564996; BD Biosciences). Flow cytome-
try data were acquired using FACS AriaIII (BD Bioscience) and were 
analyzed with FlowJo version 10.

2.6 | Statistical analysis

Statistical analysis other than ROC curve analysis was performed with 
JMP 14 software (SAS Institute). ROC curve analysis was performed 
with SPSS software v.22 (SPSS Japan). The Mann-Whitney test was 
used to assess the associations between the expression of CD103 and 
CD8 and clinicopathological features. Overall survival (OS) and relapse-
free survival (RFS) curves were calculated with the Kaplan-Meier 
method, and significant differences in survival were determined using 
the log-rank test. The day of surgery was used as the starting point for 
the measurement of OS. RFS is defined as the time between the day of 
surgery and recurrence. A Cox proportional hazard model was used for 
univariate and multivariate analyses of prognostic factors. For all other 
experiments, data were compared using two-tailed Student t test. P-
values of <.05 were considered statistically significant.

3  | RESULTS

3.1 | CD103+CD8+ T cells were present in GC

With immunohistochemistry, most CD8+ T cells were located within 
the tumor stroma. Conversely, CD103+ T cells had infiltrated not only 
into the tumor stroma but also into the epithelial regions of tumors 
and were considered TRM cells (Figure 2A). In patients with the un-
differentiated type, CD103+ T cells were observed (Figure 2B). Some 

F I G U R E  1   ROC curve of CD103+ T cells, CD8+ T cells and CD20+ B cells. The cut-off value of CD103+ T cells was 19.6/field 
(AUC = 0.708, 95% CI: 0.637-0.780), that of CD8+ T cells was 42.0/field (AUC = 0.617, 95% CI: 0.538-0.697), and that of CD20+ B cells was 
1.59/field (AUC = 0.658, 95% CI: 0.582-0.733). AUC, area under the curve; CI, confidence interval

1 - Specificity

Se
ns

iti
vi

ty

Se
ns

iti
vi

ty

Se
ns

iti
vi

ty

1 - Specificity 1 - Specificity



     |  1749MORI et al.

CD8+ T cells were observed in the epithelial regions of the tumor. 
Immunofluorescence double staining for CD8 and CD103 showed 
that many CD103+ T cells were CD8+ (Figure 2C, white arrow). In 
particular, CD103+ T cells invading the tumor epithelium were CD8+. 
These results indicate that CD103+CD8+ T cells were one subtype 
of CD8+ T cells. This was confirmed with fluorescence activated cell 
sorting analysis of tumor tissue and by the fact that about 70% of 
CD8+ T cells were CD103+ (Figure 2D).

3.2 | Clinicopathological characteristics of CD103+ 
T cells or CD8+ T cells

The association between the number of CD103+ or CD8+ T cells and 
the clinicopathological features is shown in Table 1. The difference 
between CD103+ T cells and CD8+ T cells is that CD103+ T cells were 
associated with cancer progression and tended to be more frequent 
in stage III or IV advanced cases. The infiltration of CD103+ T cells 

F I G U R E  2   Distribution of CD103+ and CD8+ T cells in tumor tissues of GC with immunohistochemical and immunofluorescence 
staining. A, Tumor sections from 261 patients with GC were stained with anti-CD103 and anti-CD8 antibodies. Representative images of 
CD103 and CD8 immunostaining of the same tumor area are shown. Scale bars, 50 μm. B, Representative image of CD103 staining in the 
undifferentiated type. Scale bar, 50 μm. C, Representative images of immunofluorescence staining of CD103 (red), CD8 (green), and DAPI 
(blue) are shown. CD103+CD8+ T cells were observed not only in the tumor stroma but also in the tumor epithelium (white arrows). Scale 
bars, 50 μm. D, a, Representative pseudocolor plots of CD8+ TILs. D, b, The mean ± standard error of the proportion of CD103+ and CD103− 
T cells from 5 tumors. CD103+CD8+ T cells accounted for 69.8% of CD8+ TILs
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was decreased especially in cases with high lymph node metastasis 
and cases with positive lymphatic invasion. CD103+ T cells tended 
to be low even in Borrmann type 4 with extensive fibrotic stroma.

3.3 | Intratumoral CD103+ T cells predicted a better 
prognosis in GC

We evaluated the prognostic impact of CD103+ T cells in GC. Kaplan-
Meier analysis showed that CD103high was associated with im-
proved OS in all patients and improved RFS in patients except stage 
IV (Figure 3A,a,b; P <  .0001 for both). Prognosis of stage II, III and 
IV patients with CD103high was better than in those with CD103low 
(Figure 3B,b-d, P = .015, P = .034, and P = .0229, respectively). With 
univariate analysis, we identified several prognostic factors including 
pathological T category, pathological lymph node metastasis, patho-
logical stage, lymphatic invasion, venous invasion, high CD103 infil-
tration, high CD8 infiltration, and TLS-rich. With multivariate analysis, 

pathological stage, venous invasion, and high CD103 infiltration were 
independently associated with OS (Table 2). We examined the rela-
tionship between the number of tumor-infiltrating CD103+ T cells and 
the prognosis of patients with advanced lymph node metastasis in 
both the primary tumor and lymph nodes. The results showed that in-
filtration of CD103+ T cells in the primary tumor was associated with a 
favorable prognosis, but no difference was found in intra-lymph node 
metastasis (Figure S1). We found no difference among lymph node 
size, localization, and primary GC position. These results indicated that 
the presence of CD103+ T cells in the tumor microenvironment was 
more important than their presence in lymph nodes.

3.4 | Infiltration of CD103+ T cells is associated with 
infiltration of CD8+ T cells

We assessed the association between CD103+ and CD8+ T cells and 
found that the number of CD103+ and CD8+ T cells was positively 

N

CD103+ T cell CD8+ T cell

Low High P-value Low High P-value

Age

<70 y 126 45 81 .687 51 75 .776

≥70 y 135 45 90 57 78

Gender

Female 79 29 50 .612 35 44 .529

Male 182 61 121 73 109

Histology

Differentiated 142 40 102 .019 54 88 .231

Undifferentiated 119 50 69 54 65

pT category

T1 84 20 64 <.001 29 55 .029

T2 41 11 30 17 24

T3 73 23 50 27 46

T4 63 36 27 35 28

pN category

N 0 126 31 95 .001 46 80 .124

N 1-3 135 59 76 62 73

pStage

Stage I 101 22 79 <.001 35 66 .149

Stage II 59 20 39 28 31

Stage III 70 30 40 30 40

Stage IV 31 18 13 15 16

Lymphatic invasion

− 112 31 81 .045 41 71 .176

+ 149 59 90 67 82

Venous invasion

− 164 54 110 .494 70 94 .580

+ 97 36 61 38 59

TA B L E  1   Correlations between 
clinicopathological factors and CD103+/
CD8+ T cell infiltration
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correlated (Figure  4A, r  =  .52, P  <  .0001). When considering the 
combination of CD103+ and CD8+ T cells, patients with CD103high 
and CD8high cells had a significantly better prognosis than those 

with any other combination (Figure  4B, P  <  .0001). For 39 pa-
tients with CD103high and CD8low, we performed immunohisto-
chemistry using anti-CD4 antibody. We divided these patients 

F I G U R E  3   Prognostic impact of CD103+ T cells in GC. A, Kaplan-Meier plots using the log-rank test for OS and RFS according to the 
number of CD103+ T cells. Patients with CD103high had a better prognosis than those with CD103low (a: OS; P < .0001, b: RFS; P < .0001). B, 
Kaplan-Meier plots using the log-rank test for OS according to the number of CD103+ T cells in different pathological stages. Prognosis of 
stage II, III, and IV patients with CD103high was better than in those with CD103low

(A) A

B

(B) A

C D

B

Variable

Overall survival

Univariate analysis Multivariate analysis

Hazard ratio (95% CI) P-value Hazard ratio (95% CI) P-value

Age (<70 y/≥70 y) 1.153 (0.886-2.628) .132

Sex (male/female) 0.683 (0.398-1.198) .172

Histological type 
(differentiated/
undifferentiated)

0.763 (0.445-1.302) .320

pT (T1-2/T3-4) 4.539 (2.423-9.274) <.001

pN (N0/N1-3) 3.868 (2.102-7.686) <.001

pStage (I + II/III + IV) 5.940 (3.305-11.33) <.001 3.276 (1.71-6.606) <.001*

Lymphatic invasion 
(ly−/ly+)

2.248 (1.265-4.211) .008

Venous invasion (v−/
v+)

3.664 (2.119-6.553) <.001 2.599 (1.437-4.852) .002*

CD103 (low/high) 0.240 (0.135-0.415) <.001 0.287 (0.139-0.581) <.001*

CD8 (low/high) 0.495 (0.289-0.838) .009 1.094 (0.561-2.102) .788

TLS (poor/rich) 0.329 (0.173-0.587) <.001 0.549 (0.283-1.005) .061

Abbreviations: CI, confidence interval; pN, pathological lymph node metastasis; pT, pathological T 
category; TLS, tertiary lymphoid structure.

TA B L E  2   Univariate and multivariate 
analysis of prognostic factors in gastric 
cancer
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into 2 groups according to the median range (30.0 per field) and 
assessed the prognosis. The prognosis of patients with CD4low 
tended to be better than in those with CD4high (Figure 5A, P = .063). 

With immunofluorescence double staining with anti-CD103 and 
anti-CD11c antibodies, CD103+CD11c+ cells were rarely found 
(Figure 5B).

F I G U R E  4   Association between the number of CD103+ and CD8+ T cells in GC. A, The correlation was analyzed using Spearman rank 
correlation coefficient, and the number of CD103+ T cells showed a strong positive correlation with the number of CD8+ T cells (r = .52, 
P < .0001). B, OS is shown with Kaplan-Meier plots according to the combination of CD103+ and CD8+ T cells. Patients with CD103high and 
CD8high had a better prognosis than other groups. The log-rank test was used to compare curves, and P < .05 was considered significant

(A) (B)

F I G U R E  5   Prognostic impact of CD4+ T cells and the presence of CD103+CD11c+ cells in patients with CD103high and CD8low. A, Kaplan-
Meier plots using the log-rank test for OS according to the number of CD4+ T cells in patients with CD103high and CD8low. Patients with 
CD4low tended to have a better prognosis than those with CD4high (P = .060). B, Representative images of immunofluorescence staining of 
CD103 (red), CD11c (green), and DAPI (blue) are shown. CD103+CD11c+ cells (white arrow) were rarely observed
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3.5 | CD103+CD8+ T cells express 
activation markers

To examine the function of CD103+CD8+ T cells, we analyzed the dif-
ference in cytokine production by CD103+CD8+ T cells isolated from 
6 tumors with flow cytometry. CD103+CD8+ T cells in GC expressed 
higher levels of PD-1, granzyme B, and IFN-γ than CD103−CD8+ T 
cells (Figure 6).

3.6 | CD103+ T cells or TLSs are associated with 
response to PD-1 blockade

Of 261 patients, 10 patients received PD-1 blockade with nivolumab 
as third-line treatment for recurrent or unresectable GC. The as-
sociation between the number of CD103+ T cells or TLSs and the 
clinicopathological features is shown in Table  3. We evaluated 
the response in the target region to nivolumab according to the 
Response Evaluation Criteria in Solid Tumors guidelines. Partial re-
sponse (PR) was observed in 2 patients, stable disease in 3 patients 

and progressive disease in 5 patients. CD103high or TLS-rich pre-
dicted a better response to nivolumab than CD103low or TLS-poor 
(P = .045 and P = .033). Furthermore, 2 patients with PR had both 
CD103high and TLS-rich.

3.7 | Association between CD103+ T cells and TLSs

Immunohistochemistry using anti-CD103 antibody showed that 
CD103+ T cells were scattered around areas of lymphocyte aggrega-
tion as seen with anti-CD20 staining; these aggregates were consid-
ered TLSs (Figure  7A). With immunofluorescence double staining, 
we found that these CD103+ T cells were located around the TLSs 
(Figure 7B). Patients with a combination of CD103high and TLS-rich 
had a significantly better prognosis than those with any other com-
bination (Figure 8A). Prognosis of stage II, III, and IV patients with 
CD103high and TLS-rich was better than in those with CD103low and 
TLS-poor (Figure 8B,b-d, P = .042, P = .017, and P = .0569, respec-
tively). These results indicate a correlation between CD103+ T cells 
and TLSs.

F I G U R E  6   CD103+CD8+ T cells express activation markers. Flow cytometry analysis of expression of PD-1, granzyme B, and IFN-γ in 
CD103−CD8+ T cells and CD103+CD8+ T cells from 6 GC tumors. A, Bar graph of the proportion and (B) representative histograms of PD-1, 
granzyme B, and IFN-γ expression are shown. The bar graphs show the mean ± standard error. CD103+CD8+ T cells expressed higher levels 
of PD-1, granzyme B, and IFN-γ than CD103−CD8+ T cells

(A) A B C

(B) A B C
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4  | DISCUSSION

In our current study, we found that about 70% of TILs in GC tissues 
were CD103+CD8+ T cells, and the invasion of these cells into the 
tumors was frequent in patients with a good long-term prognosis. 
Moreover, CD103+ T cells were located around TLSs, and CD103+ T 
cells coexpressed PD-1 and had high granzyme B and IFN-γ produc-
tion, indicating that they were activated effector T cells. Our results 
suggested that tumor-infiltrating CD103+ T cells may be associated 
with TLSs.

We first showed that intratumoral CD103+ T cells were present 
not only in the tumor stroma but also in the intraepithelial region in 
GC. CD103 was previously shown to bind to the cell surface marker 
E-cadherin and to label TRM cells, which reside in the tissue and do 
not circulate back into the blood or secondary lymphoid organs.6-8 
However, we found several patients with CD103high with scirrhous 
GC, which has reduced E-cadherin expression.24 Webb et al reported 
no obvious correlation between E-cadherin staining intensity and 
the presence of CD103+ T cells in ovarian cancer.9 In other words, 

infiltration of CD103+ T cells may be influenced by factors other than 
E-cadherin. Therefore, tumor-infiltrating CD103+ T cells may include 
not only conventional TRM cells but also antigen-sensitized cells that 
invaded from outside the tumor.

In relation to prognosis, as previously reported, patients with 
CD103+ T cell infiltration had a good prognosis. In particular, a good 
long-term prognosis was observed for high amounts of CD103 in-
vasion even in patients with stage III and IV cancer. CD103+ T cells 
may remain even after radical excision of the tumor. In our study, 
patients with CD103high and CD8high had a better prognosis than 
other groups, and we consider that CD103+CD8+ T cells are the 
most important immune cells. CD103high and CD8low also predicted 
a good prognosis. These results suggested that another phenotype 
of CD103+ cells can be involved in a good prognosis. CD103+CD11c+ 
cells were rarely found in our study. CD103+CD11c+ cells are a small 
subpopulation of CD103+ cells in human samples.10 Therefore, we 
considered that CD103+ dendritic cells had little influence on the 
prognosis. Conversely, CD103+CD4+ T cells may play a role in antitu-
mor immunity. However, Gu et al showed that CD103+CD4+ T cells 

TA B L E  3   Correlations between response to PD-1 blockade and CD103+ T cells/TLSs

N

CD103+ T cell TLS

Low High P-value Poor Rich P-value

Age

<70 y 4 4 0 .091 3 1 .778

≥70 y 6 3 3 4 2

Gender

Female 3 3 0 .175 2 1 .88

Male 7 4 3 5 2

Histology

Differentiated 4 2 2 .26 2 2 .26

Undifferentiated 6 5 1 5 1

pT category

T3 3 1 2 .098 1 2 .098

T4 7 6 1 6 1

pStage

Stage II 1 0 1 .24 0 1 .033*

Stage III 3 2 1 1 2

Stage IV 6 5 1 6 0

Lymphatic invasion

− 2 0 2 .016* 0 2 .016*

+ 8 7 1 7 1

Venous invasion

− 3 1 2 .098 1 2 .098

+ 7 6 1 6 1

Response to nivolumab

PR 2 0 2 .045* 0 2 .033*

SD 3 3 0 2 1

PD 5 4 1 5 0

Abbreviations: PD, progressive disease; PR, partial response; SD, stable disease; TLS, tertiary lymphoid structure.
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in GC exhibited an immunosuppressive phenotype and predicted 
a poor prognosis.25 In our study, CD4low tended to predict better 
prognosis than CD4high in patients with CD103high and CD8low. 
Therefore, regulatory T cells may be involved in a poor outcome. 
However, functional characteristics of CD103+CD4+ T cells have not 
been reported in detail, and further investigations for CD103+CD4+ 
T cells are needed.

Although several studies reported that CD8+ T cells were ob-
served in 30%-50% of the CD103+ T cell population,10,26 the percent-
age of CD8+ TILs that are CD103+ T cells has remained unclear. In our 
study, about 70% of tumor-infiltrating CD8+ T cells were CD103+. 
We considered that CD103+CD8+ T cells were the most important 
subpopulation of CD8+ T cells. Our study showed that CD103+CD8+ 
T cells exhibited higher levels of granzyme B expression, IFN-γ pro-
duction, and PD-1 expression than CD103−CD8+ T cells. Previous 
studies of another tumor type reported that CD103+CD8+ T cells ex-
pressed cytotoxic molecules, such as granzyme B and IFN-γ, and also 
expressed inhibitory molecules including PD-1.27,28 PD-1 is more an 
indicator of T cell activation than exhaustion,29 and co-expression of 
exhaustion markers and cytotoxic mediators seen in CD103+CD8+ 
T cells can be explained as part of T cell activation.30 Therefore, we 
suggested that CD103+CD8+ T cells represent a highly activated T 
cell subset among CD8+ TILs and may be “bona fide” TILs.

CD103+CD8+ T cells may be a target of PD-1 blockade be-
cause CD103+CD8+ T cells express high levels of PD-1.12,31 When 

analyzing the patients who received PD-1 blockade therapy in our 
study, those with CD103high or TLS-rich had a good response to 
nivolumab. Moreover, patients with PR had both CD103high and TLS-
rich. These results suggest that not only CD103+ T cells but also TLSs 
are important to predict the efficacy of PD-1 blockade. No study 
has examined the association between CD103+ T cells or TLSs and 
the response to PD-1 blockade in human clinical samples with GC. 
Therefore, our results are very important and are different from pre-
vious studies.

A remaining question is where CD103+ T cells undergo antigen 
sensitization. We previously reported that TLSs are associated with 
good prognosis in GC.20,21 TLSs are structurally and functionally 
similar to secondary lymph organs, and TLS formation is induced 
by CXCL13.17,32 Although CXCL13 is generally associated with 
dendritic cells and follicular helper T cells,18,33 several studies have 
identified the expression of CXCL13 in highly exhausted TILs in lung 
cancer, melanoma, and breast cancer.34-36 Furthermore, Workel 
et al in ovarian cancer recently showed that CD103+CD8+ T cells ex-
pressed CXCL13 mRNA.22 Accordingly, induction of TLS formation 
may be associated with CD103+CD8+ T cells. We reported that TLSs 
around the tumor played a role in inducing cytotoxic T lymphocyte 
proliferation in GC.21 The present study showed that many CD103+ 
T cells were located around TLSs, and patients with both CD103high 
and TLS-rich had a better prognosis than those with any other com-
bination. Our results led to the hypothesis that CD103+CD8+ T cells 

F I G U R E  7   Distribution of CD103+ T cells and CD20+ B cells in tumor tissues of GC with immunohistochemical and immunofluorescence 
staining. A, Representative images of CD103 and CD20 immunostaining of the same tumor area are shown. Scale bars, 50 μm. B, 
Representative images of immunofluorescence staining of CD103 (red), CD20 (green), and DAPI (blue) are shown. CD103+ T cells were 
observed around CD20+ B cell aggregates, which were considered TLSs. Scale bars, 50 μm
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are associated with TLS formation by production of CXCL13 and that 
TLSs function as antigen-presenting cells and activate CD103+CD8+ 
T cells further, resulting in more enhanced antitumor immunity. The 
importance of the association between CD103+ T cells and TLSs is 
supported by the fact that patients with a good response to PD-1 
blockade had both CD103high and TLS-rich. Therefore, our study 
provides increasing evidence of the importance of CD103+ T cells 
and TLSs in the local tumor immune environment.

The main limitation of this study was that we only evaluated cells 
using immunohistochemistry and immunofluorescence staining to 
assess the association between CD103+ T cells and TLSs. Moreover, 
the number of samples that were used in flow cytometry was small, 
and we evaluated only a few types of cytokines associated with the 
phenotype of CD103+CD8+ T cells. We did not demonstrate a direct 
effect of CD103+ cells on cancer cells. Further studies are required 
to evaluate the characteristics of CD103+CD8+ T cells and the asso-
ciation between CD103+ T cells and TLSs.

In conclusion, we confirmed that CD103+CD8+ T cells were 
present, associated with a favorable prognosis, represented a highly 
activated state and were likely to be related to TLSs in the tumor. 
Moreover, CD103high and TLS-rich predicted a good response to 
PD-1 blockade. This study provides a more advanced understanding 
of the dynamics of TILs. Regarding the clinical relevance, our results 

indicated that TLSs with CD103+ T cells could be a marker to predict 
the efficacy of immunotherapy in GC.
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