
Chen et al. World Journal of Surgical Oncology          (2023) 21:124  
https://doi.org/10.1186/s12957-023-03009-6

RESEARCH Open Access

© The Author(s) 2023. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which 
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line 
to the material. If material is not included in the article’s Creative Commons licence 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 
licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/. The Creative Commons Public Domain Dedication waiver (http:// creat iveco 
mmons. org/ publi cdoma in/ zero/1. 0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.

World Journal of
Surgical Oncology

Prognostic values of tissue-resident  CD8+T 
cells in human hepatocellular carcinoma 
and intrahepatic cholangiocarcinoma
Lujun Chen1,2,3†, Hao Huang1,2,3†, Ziyi Huang4,5,6†, Junjun Chen1,2,3, Yingting Liu1,2,3, Yue Wu1,2,3, An Li1,2,3, 
Junwei Ge1,2,3, Zhang Fang1,2,3, Bin Xu1,2,3, Xiao Zheng1,2,3* and Changping Wu1,2,3* 

Abstract 

Background Tissue-resident  CD8+T cells  (CD103+CD8+T cells) are the essential effector cell population of anti-tumor 
immune response in tissue regional immunity. And we have reported that IL-33 can promote the proliferation and 
effector function of tissue-resident  CD103+CD8+T cells. As of now, the immunolocalization and the prognostic values 
of tissue-resident  CD8+T cells in human hepatocellular carcinoma (HCC) and intrahepatic cholangiocarcinoma (ICC) 
still remain to be illustrated.

Methods In our present study, we used the tissue microarrays of HCC and ICC, the multicolor immunohistochemistry 
(mIHC), and imaging analysis to characterize the tissue-resident  CD8+T cells in HCC and ICC tissues. The prognostic 
values and clinical associations were also analyzed. We also studied the biological functions and the cell–cell commu-
nication between tumor-infiltrating  CD103+CD8+T cells and other cell types in HCC and ICC based on the published 
single-cell RNA sequencing (scRNA-seq) data.

Results Our work unveiled the expressions of CD8 and CD103 and immunolocalization of tissue-resident  CD8+T 
cells in human HCC and ICC. Elevated  CD8+T cells indicated a better overall survival (OS) rate, implying that tumor-
infiltrating  CD8+T cells in HCC and ICC could serve as an independent prognostic factor. Moreover, the number of 
 CD103+CD8+T cells was increased in HCC and ICC tissues compared with adjacent normal tissues. HCC patients 
defined as  CD8highCD103high had a better OS, and the  CD8lowCD103low group tended to have a poorer prognosis in 
ICC. Evaluation of the  CD103+CD8+T-cell ratio in  CD8+T cells could also be a prognostic predictor for HCC and ICC 
patients. A higher ratio of  CD103+CD8+T cells over total  CD8+T cells in HCC tissues was negatively and significantly 
associated with the advanced pathological stage. The percentage of higher numbers of  CD103+CD8+T cells in ICC 
tissues was negatively and significantly associated with the advanced pathological stage. In contrast, the higher 
ratio of  CD103+CD8+T cells over total  CD8+T cells in ICC tissues was negatively and significantly associated with the 
advanced pathological stage. In addition, single-cell transcriptomics revealed that  CD103+CD8+T cells were enriched 
in genes associated with T-cell activation, proliferation, cytokine function, and T-cell exhaustion.
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Conclusion The  CD103+ tumor-specific T cells signified an important prognostic marker with improved OS, and the 
evaluation of the tissue-resident  CD103+CD8+T cells might be helpful in assessing the on-treatment response of liver 
cancer.

Keywords Hepatocellular carcinoma, Intrahepatic Cholangiocarcinoma, Multicolor immunohistochemistry, 
Prognosis, Tissue-resident  CD103+CD8+T cells

Introduction
Hepatocellular carcinoma (HCC) and intrahepatic chol-
angiocarcinoma (ICC) are the two major subtypes of 
primary liver cancers (PLCs) [1]. The HCC accounts for 
up to 85%, while the ICC accounts for 10 to 15% of all 
PLC cases [2]. Although some early-stage PLC patients 
can benefit from surgical treatment and systematic anti-
tumor therapies, including target therapy and immu-
notherapy, those with advanced stage can only receive 
limited benefits from few multi-kinase inhibitors [2, 3]. 
Currently, immunotherapeutic strategies, such as tumor 
vaccines, adoptive T-cell transfer therapy, immune-
checkpoint inhibitors, and even immunotherapeutic 
strategies combined with conventional strategies, have 
been increasingly investigated in managing HCC and 
ICC. However, some are still in clinical trials [4–6]. It is 
worth mentioning that understanding tumor heteroge-
neity and the diverse landscapes of the tumor microen-
vironment (TME) provides a solution to unraveling how 
to improve the sensitivity of immunotherapies [7–10]. 
Novel biomarkers are identified and used to predict clini-
cal outcome for PLCs such as surface markers, tumor 
mutation burden, and microsatellite instability [11–13]. 
Recent studies on single-cell RNA sequencing (scRNA-
seq) analysis from HCC and ICC have sparked growing 
interest within the past few years. It has been reported 
that besides specific drug-resistant subpopulations, 
such as cancer stem cells (CSCs), the scRNA-seq can 
also track the development of tumor-infiltrating  CD8+T 
cells. Blockade of the inhibitory molecules on the revers-
ible exhausted  CD8+T cells at early-stage may pave the 
way for developing novel immunotherapeutic strategies 
[14–17].

Tissue-resident  CD8+T cells, identified as 
 CD103+CD8+T cells, are the essential effector cell popu-
lation of anti-tumor immune response in tissue regional 
immunity [18]. E-cadherin is the important ligand of 
CD103 (integrin alpha E, ITGAE) [19]. In the TME, the 
epithelial cancer cells can express E-cadherin, inter-
act with CD103 on  CD8+T cells, and then maintain the 
interaction of cancer cells and  CD8+T cells, leading to 
the residence of tumor antigen-reactive  CD8+T cells and 
the persistent anti-tumor effect in tumor tissues [20]. 
Results from our and other groups have confirmed that 
transforming growth factor-β (TGF-β) signaling or IL-33 

induces CD103 expression on tumor-infiltrating  CD8+T 
cells. Moreover, IL-33 can promote the proliferation and 
effector function of tissue-resident  CD103+CD8+T cells 
[18, 21–23]. Furthermore, the co-expression of CD103 
and CD69 on  CD8+T cells is used to identify the distinct 
subset of tissue-resident memory  CD8+T cells  (TRM) [24, 
25]. Unlike central memory and effector memory  CD8+T 
cells, the  CD8+TRM cells can express unique chemokine 
and tissue-homing receptors but lack the lymph node 
homing molecules CD62L and/or CCR7, and the homing 
of  TRM cells to peripheral tissues is chemokine dependent 
[26, 27].

As an important surface marker of tissue-resident 
 CD8+T cells, CD103 enables antigen-specific  CD8+T 
cells to reside within the epithelial tissues by binding to 
the epithelial cell marker E-cadherin and provides first-
line defense against infection in peripheral nonlymphoid 
tissues [24, 28, 29]. Moreover, in the TME, the tissue-
resident  CD103+CD8+T cells can secret granzyme B and 
perforin and trigger cytotoxic activities, enhancing the 
anti-tumor immune system response [30, 31]. We have 
previously reported that the higher intensity of tissue-
resident  CD103+CD8+T cells in human colorectal can-
cer tissues predicts a better overall survival (OS) of the 
patients [32]. Notably, the prognostic value, immunolo-
calization, and involvement of tissue-resident  CD8+T 
cells in human HCC and ICC remain elusive. In our pre-
sent study, multicolor immunohistochemistry (mIHC) 
and imaging analysis were used to characterize the 
immunolocalization of tissue-resident  CD8+T cells in the 
tissue microarray (TMA) slides of human HCC and ICC. 
The single-cell transcriptomics analysis was performed to 
reveal the cellular functions and cell communications in 
TME of these two malignancies.

Materials and methods
Patients and tissue specimens
The human HCC TMA (Catalog No.: HLivH180Su11) 
and the human ICC TMA (Catalog No.: HIB-
DA160PG01) were provided by Shanghai Outdo Biotech 
Co., Ltd., Shanghai, China. In brief, the HCC TMA con-
tained 94 patients (84 males and 10 females, aged from 
42 to 73 years, with a median age of 53), and the survival 
data of all 94 patients were collected and used in the sur-
vival analysis. The detailed clinical parameters of these 
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HCC patients are shown in Table 1. The ICC TMA con-
tained 155 patients (96 males and 59 females, aged from 
30 to 84 years, with a median age of 62), and the survival 
data of only 42 patients could be available and used in the 
survival analysis. Several cancer tissue samples (n = 6) 
were missing for the ICC TMA due to heat-induced anti-
gen retrieval. Therefore, not all patients were involved 
in the final analysis of clinical parameters. The detailed 
clinical parameters of these patients are shown in Table 3.

mIHC and imaging analysis
The mIHC was carried out by using the Opal 7-Color 
fluorescent IHC kit (Catalog No. NEL811001KT, Perki-
nElmer, USA) in combination with automated quan-
titative analysis (PerkinElmer, USA) according to the 
manufacturer’s instructions as previously described 
[33]. Briefly, the expressions and immunolocalization 
of CD103 and CD8 in the TMAs of HCC and ICC were 
detected to characterize tumor-infiltrating  CD103+ 
cells,  CD8+T cells, and resident  CD103+CD8+T cells. 
In addition, cytokeratin (CK) was selected to identify 
the epithelial cancer cells, and the nucleus was stained 

by 4′,6-diamidino-2-phenylindole (DAPI). The primary 
antibodies, such as the monoclonal rabbit antihuman 
CD103 (Catalog No.: ab129202, clone: EPR4166, Abcam, 
USA), the monoclonal mouse antihuman CD8 (Catalog 
No.: M7103, clone: C8/144B, Dako, Denmark), and the 
anti-pan CK (Catalog No.: ab7753, clone: C11, Abcam, 
USA), were used in the present immunostaining. In the 
step of secondary antibody staining, the TMA slides were 
incubated with HRP-conjugated secondary antibodies 
(PerkinElmer, USA) in an Opal working solution (Perki-
nElmer, USA) and then mounted with ProLong Diamond 
Antifade Reagent with DAPI (Thermo Fisher, USA). Sub-
sequently, the TissueFAXS system (TissueGnostics Asia 
Pacific Limited, Austria) was selected to perform the 
panoramic multispectral scanning of TMA slides. The 
acquired images were processed using StrataQuest analy-
sis software (Version No. 7.0.1.165, TissueGnostics Asia 
Pacific Limited, Austria) as previously described [33]. 
In our present study, the DAPI staining was selected to 
generate a binary mask of all viable cells in the image, 
and then, the numbers of  CD103+ cells,  CD8+T cells, 
and  CD103+CD8+T cells were counted and recorded. 

Table 1 The correlations between  CD103+ cells,  CD8+T cells, and  CD103+CD8+T cells in tumor tissues and clinical features of patients 
with HCC

Bold signifies P < 0.05
a continuity adj. chi-square

Clinical parameters Cases Numbers 
of 
infiltrating 
 CD103+ 
cells

χ2 P Numbers 
of 
infiltrating 
 CD8+T 
cells

χ2 P Numbers of 
infiltrating 
 CD103+CD8+T 
cells

χ2 P Ratio of 
 CD103+CD8+T/
CD8+T cells

χ2 P

Low High Low High Low High Low High

Gender

 Male 84 38 46 0.00a 1.00 17 67 0.09a 0.76 42 42 0.74a 0.39 32 57 0.01a 0.98

 Female 10 4 6 3 7 7 3 3 7

Age (years)

 < 57 57 24 33 0.23 0.63 12 45 0.02 0.89 31 26 0.17 0.68 19 38 1.16 0.28

 ≥ 57 36 17 19 8 28 18 18 16 20

Tumor size (cm)

 < 3.5 20 11 9 1.13 0.29 5 15 0.01a 0.93 11 9 0.08 0.78 5 15 1.57a 0.21

 ≥ 3.5 72 30 42 15 57 37 35 29 43

TNM stage

 I + II 43 21 22 2.36 0.12 8 35 0.07 0.79 23 20 0.42 0.52 14 29 0.05 0.82

 III + IV 43 14 29 9 34 20 23 15 28

T stage

 I + II 43 21 22 2.36 0.12 8 35 0.07 0.79 23 20 0.42 0.52 14 29 0.05 0.82

 III + IV 43 14 29 9 34 20 23 15 28

Pathological stage

 I + II 57 26 31 0.05 0.82 13 44 0.20 0.65 33 24 1.93 0.17 16 41 5.20 0.02
 III + IV 37 16 21 7 30 16 21 19 18
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Finally, the ratio of  CD103+ cells over total DAPI-stained 
cells, the ratio of  CD8+T cells over total DAPI-stained 
cells, the ratio of tissue-resident  CD103+CD8+T cells 
over total DAPI-stained cells, and the ratio of tissue-res-
ident  CD103+CD8+T cells over total  CD8+T cells were 
involved in the correlation analysis of between clinical 
parameters and patients’ survival.

scRNA‑seq data analysis
scRNA-seq data of  CD3+TILs in HCC, total tumors 
in ICC, and total tumor tissues in HCC combined with 
ICC were collected from the Gene Expression Omnibus 
(GEO) database [14, 17]. All analysis and visualizations 
were carried out using R-3.6.3 software. Seurat (Version: 
3.2.3) was used to process scRNA-seq data following the 
official standard process. In brief, count matrix down-
loaded from GEO datasets was used to create Seurat 
object by CreateSeuratObject function and normalized 
by NormalizeData function. Then, top 2000 highly vari-
able genes were selected by FindVariableFeatures func-
tion. Immediately, all genes were centered by ScaleData 
function. For dimensionality reduction and clustering 
analysis, RunPCA function was applied to run princi-
pal component analysis (PCA), and RunUMAP function 
using top 20 principal components (PCs) was applied to 
run the Uniform Manifold Approximation and Projection 
(UMAP) dimensional reduction. In addition, the batch 
effect between different samples was removed by the har-
mony package (Version: 0.1.0). Subsequently,  CD8+TIL 
subsets were extracted using marker genes CD3E and 
CD8A. Dimplot and Featureplot were used to visualize 
the results.

Correlation analysis
The Rmagic package (Version: 2.0.3) was used to de-noise 
the cell count matrix and fill in missing transcripts to 
address technical noise in single-cell data. Subsequently, 
the imputation data were used to obscure meaningful 
gene–gene relationships between ITGAE and selected 
immune genes. The correlation heatmap was plotted by 
the Pheatmap package (Version: 1.0.12) using selected 
immune genes whose correlation coefficient with CD103 
was more than 0.3 (r > 0.3).

Gene set enrichment analysis
Immune genes used for the correlation heatmap were 
split into three groups. Briefly, the cutree function was 
used to split the gene cluster tree, and “ntree” was set as 
3 to split selected genes into three groups. Subsequently, 
genes clustered into the group containing ITGAE were 
used for GO enrichment analysis. All enrichment analy-
sis plots were visualized by the cneplot function packaged 
by ClusterProfiler (Version: 3.14.3).

Cell–cell communication analysis
Signature genes of  CD103+CD8+TILs from HCC and 
ICC were merged as the  CD103+CD8+TIL gene set. 
Briefly, scRNA-seq data containing HCC and ICC were 
processed following the official standard process [7]. 
Then, each cell was annotated following the article 
labeled. Next, the impact of other cellular components 
in TME was analyzed through NicheNetr (Version: 
1.0.0). All visualization functions were packaged into the 
NicheNetr package.

Statistical analyses
Statistical analysis was conducted using the unpaired 
Student’s t-test, two-way ANOVA, or the log-rank sur-
vival analysis. Survival (Version: 3.3–1) and survminer 
(Version: 0.4.9) packages were used for survival analysis. 
The association between  CD8+T cells,  CD103+ cells, and 
 CD103+CD8+ cells and clinical parameters was evalu-
ated by chi-squared test. Univariate and multivariate 
analyses were performed by Cox proportional-hazards 
regression, and hazard ratio and 95% confidence intervals 
were reported. A P-value of < 0.05 was considered statis-
tically significant.

Results
Expression of CD103 and immunolocalization 
of tissue‑resident  CD8+T cells in human HCC and ICC 
tissues
In our present study, we aimed to examine the expres-
sion of CD103 and immunolocalization of tissue-resident 
 CD8+T cells in human HCC and ICC tissues and to ana-
lyze their clinical associations with the patients. Based on 
the mIHC and imaging analysis (Fig. 1), the membranous 
staining of CD103 could be found on infiltrating immune 
cells. Besides, the membranous staining of CD8 could be 
found on infiltrating  CD8+T cells. Then, the tissue-resi-
dent  CD8+T cells, which were defined as  CD103+CD8+T 
cells, could be found in adjacent normal tissues (Fig. 1A 
and C, adjacent normal tissues for HCC and ICC, respec-
tively) and carcinoma tissues (Fig.  1B and D, HCC and 
ICC tissues, respectively). Supplementary Fig. 1A shows 
that the percentage of infiltrating  CD8+T cells in human 
HCC tissues was significantly higher compared with the 
adjacent normal tissues (P = 0.0024). The percentage of 
infiltrating  CD103+ immune cells in human HCC tis-
sues was significantly higher compared with the adjacent 
normal tissues (P = 0.0307, Supplementary Fig. 1B), while 
no difference was found about the percentage of infiltrat-
ing tissue-resident  CD103+CD8+T cells (P = 0.681, Sup-
plementary Fig.  1C). Moreover, we neither found any 
differences between adjacent normal tissues and ICC 
tissues regarding the percentage of infiltrating  CD103+ 
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Fig. 1 Characterization of the expressions and localizations of CD8 and CD103 in human HCC and ICC tissues by mIHC. An enlarged subsection of 
the core was highlighted, showing each of the individual markers in the composite image after spectral unmixing, together with the DAPI nuclear 
marker (pseudo-colored blue) and the autofluorescence signal (pseudo-colored black). A The expressions of CD8 (membrane, pseudo-colored red) 
and CD103 (membrane, pseudo-colored brown) in adjacent normal tissues of HCC identified by CK (membrane, pseudo-colored green), together 
with the DAPI nuclear marker (pseudo-colored blue). B Expressions of CD8 and CD103 in tumor tissues of HCC. C Expressions of CD8 and CD103 in 
adjacent normal tissues of ICC. D Expressions of CD8 and CD103 in tumor tissues of ICC. Scale bar for the first image of A, B, C, or D, 200 μm
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immune cells (P = 0.669, Supplementary Fig.  1D), the 
percentage of infiltrating  CD8+T cells (P = 0.452, Sup-
plementary Fig. 1E), nor the percentage of tissue-resident 
 CD103+CD8+T cells (P = 0.668, Supplementary Fig. 1F). 
We needed to mention that during the heat-induced 
antigen retrieval, 6 cases of the cancer tissues of the ICC 
TMA were missed, and all the other cases were involved 
in the statistical analysis.

Prognostic values of tumor‑infiltrating  CD8+T cells, 
 CD103+ immune cells, and tissue‑resident  CD103+CD8+T 
cells in human HCC and ICC tissues
In our present study, we also aimed to figure out the prog-
nostic values of tumor-infiltrating  CD8+T cells,  CD103+ 
immune cells, and tissue-resident  CD103+CD8+T cells 
in human HCC and ICC tissues. Figure  2A shows that 
in human HCC, the patients with higher infiltration of 
 CD8+T cells showed a better OS than those with lower 
infiltration of  CD8+T cells (P = 0.005, HR = 0.464, 95% 
CI: 0.231–0.934). In addition, the OS of the patients 
with higher infiltration of  CD103+ immune cells was 
increased compared with those with lower infiltration 

of  CD103+ immune cells (P = 0.243, HR = 0.755, 95% 
CI: 0.452–1.262, Fig.  2B). Figure  2C shows that in 
human HCC, the  CD8highCD103high patients exhibited 
an improved OS compared with  CD8lowCD103high or 
 CD8lowCD103low patients (P < 0.05 and P < 0.01, respec-
tively). Figure 3A shows that the OS rate of ICC patients 
with higher infiltration of  CD8+T cells was significantly 
prolonged than those with lower infiltration of  CD8+T 
cells (P = 0.0138, HR = 0.401, 95% CI: 0.190–0.843). There 
was no significant difference in OS between the patients 
with higher infiltration of  CD103+ immune cells and 
those with lower infiltration of  CD103+ immune cells 
(P = 0.7866, HR = 1.129, 95% CI: 0.421–1.861, Fig.  2B). 
Figure  2C reveals that in human ICC, the OS of the 
patients with  CD8lowCD103low expression was poorer 
than that of patients with  CD8highCD103high (P = 0.0849) 
or  CD8lowCD103high expression (P = 0.0565).

Next, we noticed that in human HCC, the OS of the 
patients with a higher proportion of  CD103+CD8+T cells 
was better than that of patients with a lower proportion 
of  CD103+CD8+T cells (P = 0.0795, HR = 0.577, 95% 
CI: 0.252–1.325, Fig.  3A). Furthermore, patients with a 

Fig. 2 Prognostic values of CD8 and CD103 expressions in tumor tissues for the patients with HCC or ICC. Kaplan–Meier survival analysis was 
performed to predict the prognostic values of tumor-infiltrating  CD8+T cells and  CD103+ immune cells in human HCC or ICC tissues. A, B, D, and E 
Patients were stratified according to the infiltration intensities of tumor-infiltrating  CD8+T cells or  CD103+ immune cells (high infiltration in red and 
low infiltration in blue). C and F Patients were categorized into four subpopulations as  CD8high  CD103high (green),  CD8high  CD103low (black),  CD8low 
 CD103high (red), and  CD8low  CD103low (blue). Cutoffs for low and high expressions were defined with the Cutoff Finder method. *P < 0.05, **P < 0.01
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higher ratio of  CD103+CD8+T cells over total  CD8+T 
cells had a better OS than those with a lower ratio 
(P = 0.071, HR = 0.558, 95% CI: 0.250–1.248, Fig.  3B). 
Furthermore, in human ICC, patients with a higher 
proportion of  CD103+CD8+T cells lived longer than 
patients with a lower proportion of  CD103+CD8+T cells 
(P = 0.0582, HR = 0.542, 95% CI: 0.258–1.142, Fig.  3C), 
and patients with a higher ratio of  CD103+CD8+T cells 
over total  CD8+T cells displayed a better OS than those 
with a lower ratio of  CD103+CD8+T cells over total 
 CD8+T cells (P = 0.1091, HR = 0.472, 95% CI: 0.224–
0.994, Fig. 3B).

Correlations between patients’ clinical parameters 
and the intensities of tumor‑infiltrating  CD8+T 
cells,  CD103+ immune cells, and tissue‑resident 
 CD103CD8+T cells in human HCC and ICC tissues 
In our present study, we also aimed to investigate the cor-
relations between patients’ clinical parameters and the 
intensities of tumor-infiltrating  CD8+T cells,  CD103+ 

immune cells, and tissue-resident  CD103+CD8+T cells 
in human HCC and ICC tissues. Table  1 shows that a 
higher ratio of  CD103+CD8+T cells over total  CD8+T 
cells in HCC tissues was negatively and significantly 
associated with the advanced pathological stage (cut-off 
value = 0.01, χ2 = 5.20, P = 0.02). Furthermore, Table  2 
reveals that the intensity of infiltrating  CD8+T cells in 
HCC tissues could be an independent prognostic factor 
for the survival prediction of HCC patients (uni-variate: 
HR = 0.451, 95% CI: 0.255–0.798, P = 0.006, multi-vari-
ate: HR = 0.470, 95% CI: 0.238–0.928, P = 0.030).

Table  3 indicates that higher numbers of 
 CD103+CD8+T cells in human ICC tissues were nega-
tively and significantly associated with the tumor size 
(χ2 = 11.99, P < 0.001). We also found that a higher ratio 
of  CD103+CD8+T cells over total  CD8+T cells in ICC 
tissues was negatively and significantly associated with 
the advanced pathological stage (cut-off value = 0.06, 

Fig. 3 Prognostic values of tissue-resident  CD103+CD8+T cells in tumor tissues for the patients with HCC or ICC. Kaplan–Meier survival analysis 
was performed to predict the prognostic values of tumor-infiltrating tissue-resident  CD103+CD8+T cells in human HCC or ICC tissues. A and C 
Patients with high intensity of tissue-resident  CD103+CD8+T cells (red) showed a better OS rate than those with low intensity of tissue-resident 
 CD103+CD8+T cells (blue), P = 0.0795 and P = 0.0582 in HCC and ICC, respectively. B and D Patients with a high ratio of  CD103+CD8+T cells over 
 CD8+T cells (red) showed a better OS rate than those with a low ratio of  CD103+CD8+T cells in  CD8+T cells (blue), P = 0.071 and P = 0.1091 in HCC 
and ICC, respectively
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χ2 = 10.22, P = 0.001). Table 4 shows that a higher inten-
sity of infiltrating  CD8+T cells in ICC tissues (uni-var-
iate: HR = 0.401, 95% CI: 0.190–0.843, P = 0.016) and 
infiltrating  CD103+CD8+T cells in ICC tissues (uni-
variate: HR = 0.472, 95% CI: 0.224–0.994, P = 0.050) 
could predict a better survival of the ICC patients.

The role of CD103 in  CD8+TILs in human HCC
scRNA-seq data of  CD3+TILs in HCC were collected 
from the GEO datasets (GSE: 98638) [14]. Seurat pack-
age was used for the following analysis. UMAP reduction 
result of the  CD8+TIL subset was presented according 
to the article (Fig.  4A). The expression of CD103 (gene: 

Table 2 Univariate and multivariate analysis of clinical parameters of patients with HCC

Bold signifies P < 0.05

Clinical parameters Uni‑variate Multi‑variate

HR (95% CI) P‑value HR (95% CI) P‑value

Pathological stage ((III + IV)/(I + II)) 1.403 (0.194–10.14) 0.737 1.093 (0.143–8.264) 0.932

Intensity of infiltrating  CD8+T cells (high/low) 0.451 (0.255–0.798) 0.006 0.470 (0.238–0.928) 0.030
Intensity of infiltrating  CD103+ cells (high/low) 0.754 (0.454–1.252) 0.275 1.067 (0.576–1.978) 0.826

Intensity of infiltrating  CD103+CD8+T cells (high/low) 0.572 (0.289–1.133) 0.109 0.791 (0.098–6.415) 0.357

Ratio of  CD103+CD8+T cells over total  CD8+T cells (high/low) 0.558 (0.250–1.247) 0.071 1.200 (1.523–9.441) 0.862

Table 3 The correlation between  CD103+ cells,  CD8+T cells, and  CD103+CD8+T cells in tumor tissues and clinical features of patients 
with ICC

Bold signifies P < 0.05
a continuity adj. chi-square

Clinical parameters Cases Numbers 
of 
infiltrating 
 CD103+ 
cells

χ2 P Numbers 
of 
infiltrating 
 CD8+T  
cells

χ2 P Numbers of 
infiltrating 
 CD103+CD8+T 
cells

χ2 P Ratio of 
 CD103+CD8+T/
CD8+T cells

χ2 P

Low High Low High Low High Low High

Gender

 Male 92 42 50 1.07 0.30 39 53 1.02 0.31 28 64 0.35 0.56 28 64 2.77 1.00

 Female 57 31 26 29 28 20 37 25 32

Age (years)

 < 62 71 34 37 0.03 0.86 30 41 0.61 0.43 20 51 0.81 0.37 22 49 1.03 0.31

 ≥ 62 77 38 39 37 40 27 50 30 47

Tumor size (cm)

 < 5 38 12 26 3.57 0.06 13 25 2.27 0.13 2 36 11.99a < 0.001 11 27 0.67 0.41

 ≥ 5 99 49 50 48 51 34 65 36 63

T stage

  T1 +  T2 29 16 13 1.28a 0.26 15 14 0.22a 0.64 12 17 0.007a 0.93 12 17 0.007a 0.93

  T3 +  T4 4 1 3 1 3 1 3 1 3

N stage

  N0 43 18 25 0.01 0.94 18 25 0.01 0.94 13 30 0.25 0.62 19 24 0.37 0.55

  N1 +  N2 22 9 13 9 13 8 14 8 14

M stage

  M0 143 69 74 0.22a 0.64 62 79 1.20a 0.27 45 98 0.256a 0.61 45 98 0.00a 1.00

  M1 6 4 2 4 2 3 3 2 4

Pathological stage

 I + II 83 40 43 0.02 0.90 36 47 0.27 0.60 26 57 0.02 0.90 10 73 10.22 0.001
 III + IV 65 32 33 31 34 21 44 22 43
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ITGAE) in  CD8+TILs showed that  CD103+CD8+TILs 
highly expressed LAYN, which is one of the critical 
exhaustion-related genes (Fig.  4B). LAYN expression 
potentially contributed to the suppressive function of 
tumor-infiltrating exhausted  CD8+T cells and Tregs [34]. 
To further explore how  CD8+CD103+TILs exerted regu-
latory functions, we performed correlation analysis on 
genes involved in immune responses of  CD8+TILs. We 
showed that the selected immune-related genes could 
be classified into three types, and annotated ITGAE 

had strong correlations among immune genes (Fig.  4C, 
highlighted by the red box). Next, genes with a high cor-
relation with ITGAE were selected for Gene Ontology 
(GO) analysis (Fig.  4D to F). Biological processes dem-
onstrated that the expression of ITGAE in  CD8+T cells 
was correlated with the activation and proliferation of T 
cells (Fig. 4D). Cellular component analysis showed that 
ITGAE was involved in antigen processing and presen-
tation of MHC molecules, as well as the expressions of 
membrane receptors and integrin-related molecules 

Table 4 Univariate and multivariate analysis of clinical parameters of patients with ICC

Bold signifies P < 0.05

Clinical parameters Uni‑variate Multi‑variate

HR (95% CI) P‑value HR (95% CI) P‑value

Pathological stage ((III + IV)/(I + II)) 0.704 (0.332–1.491) 0.359 0.978 (0.424–2.258) 0.958

Intensity of infiltrating  CD8+T cells (high/low) 0.401 (0.190–0.843) 0.016 0.403 (0.149–1.086) 0.072

Intensity of infiltrating  CD103+ cells (high/low) 1.129 (0.421–1.861) 0.786 1.559 (0.607–4.005) 0.357

Intensity of infiltrating  CD103+CD8+T cells (high/low) 0.472 (0.224–0.994) 0.050 0.452 (0.140–1.462) 0.185

Ratio of  CD103+CD8+T cells over total  CD8+T cells (high/low) 0.542 (0.258–1.142) 0.107 1.424 (0.468–4.336) 0.533

Fig. 4 Identification and characterization of  CD103+CD8+T cells in HCC. A UMAP plot of sub-clustered  CD103+CD8+T cells labeled with cell 
annotations provided by the article [14]. B UMAP showed ITGAE expression in  CD8+TILs. C Heatmap showed correlations between ITGAE and other 
immune-related genes in  CD103+CD8+TILs. D, E, and F GO enrichment analysis of ITGAE-related immune genes (clustered with ITGAE in C), and 
three network plots showed biological process, cellular component, and molecular function
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(Fig. 4E). Moreover, molecular function analysis showed 
that CD103 was closely related to the production of 
cytokines, chemokines, and growth factors (Fig. 4F).

The role of CD103 in  CD8+TILs in human ICC
scRNA-seq data of  CD3+TILs in ICC were collected 
from GEO datasets (GSE: 138709) [17]. Analysis was 
performed as mentioned above (Seurat 3.0 and UMAP) 
(Fig.  5A). Similarly, the expression of ITGAE in each 
 CD8+TILs set was observed, suggesting that these cells 
were exhausted  CD8+T cells (data not shown) (Fig. 5B). 
All selected immune genes in  CD8+TILs were clustered 
into three groups, and ITGAE significantly correlated 
with other immune genes, which represented that it may 
be an important immune regulatory gene (Fig. 5C, high-
lighted by the red box). ITGAE in ICC played an impor-
tant role in antigen presentation, T-cell activation, and 
proliferation (Fig. 5D to F).

Cell–cell communication between  CD103+CD8+TILs 
and other cell types in HCC and ICC
To study the regulation of  CD8+CD103+TILs by other 
cells in the TME, scRNA-seq data of  CD8+CD103+TILs 
in HCC and ICC were collected from GEO datasets 

(GSE: 125449) [7] according to the standard process 
of the Seurat package and UMAP analysis. To predict 
which signaling pathways were the most closely linked to 
 CD8+CD103+TILs in TME of liver cancer, we adopted 
NicheNetr to explore tumor cells, tumor-associated mac-
rophages (TAMs), cancer-associated fibroblasts (CAFs), 
and tumor endothelial cells (TECs) [35]. Single-cell anal-
ysis of HCC and ICC revealed potential ligand-receptor 
interactions. In  CD8+CD103+TILs, several genes, such 
as BAX, CASP3, CCL3, CD38, CD86, GZMB, IFIT3, 
ITGB1, and NOTCH1, were predicted to have potential 
interactions with TGFB1 on these TME-related cells. 
In addition, the engagement of TCR with TGF-β was 
involved in the ITGAE expression and the differentiation 
of  CD8+CD103+TRM cells. In particular, higher levels of 
HMGB2 and BIRC5, the G2/M marker genes, were asso-
ciated with encoding products linked to the cell cycle and 
proliferation of  CD8+CD103+TRM cells (Fig. 6A to D).

Discussion
The dynamics of  CD8+T-cell-mediated immune surveil-
lance play an essential role in the continuous resistance 
and the outcome of intracellular infections and cancer 
[36]. It has been suggested that in the tumor model of 

Fig. 5 Identification and characterization of  CD103+CD8+T cells in ICC. A UMAP plot of scRNA-seq data colored by Seurat cluster. B UMAP showed 
ITGAE expression in  CD8+TILs. C Heatmap showed correlations between ITGAE and other immune-related genes in  CD103+CD8+TILs. D, E, and F 
GO enrichment analysis of CD103-related immune genes (clustered with CD103 in C) and three network plots showed biological process, cellular 
component, and molecular function
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transplantable cutaneous melanoma, the  CD8+TRM cells 
can promote a regional and durable melanoma-immune 
equilibrium within the skin [24]. Notably, the tissue-
resident  CD103+CD8+T cells in the TME are found to 
upregulate the inhibitory checkpoints, such as PD-1, 
CTLA-4, TIM-3, LAG3, TIGIT, and CD39. Therefore, 
these resident  CD8+T cells are also considered tumor 
antigen-reactive T cells [37–39]. Furthermore, tissue-
resident  CD103+T cells are increased and respond to 
anti-PD-1 therapies in early-phase clinic trials [28]. Many 
retrospective studies have shown that tissue-resident 
 CD103+CD8+TILs can be quantified as a significant 
predictor for the patient’s survival in many human solid 
tumors [37].

Our present study evaluated the expression of CD103 
and immunolocalization of tissue-resident  CD8+T cells 
in HCC and ICC patients using mIHC. HCC tissues 
exhibited a higher percentage of infiltrating  CD8+T 
cells and  CD103+ immune cells compared with the 
adjacent normal tissues. However, the percentage of 
 CD103+CD8+T cells did not reveal any differences 
between HCC/ICC tissues and normal tissues. Some 

studies have demonstrated that  CD103+CD8+TRM 
cells represent highly activated T-cell subsets and pro-
vide tumor reactivity [40, 41]. We next evaluated the 
expressions of CD8 and CD103 to identify the clinical 
outcomes of liver cancer. Our results indicated that the 
intensity of infiltrating  CD8+T cells had a prognostic 
value in human HCC and ICC. Furthermore, the HCC 
patients with  CD8highCD103high expression were associ-
ated with a better OS.

Moreover, the ICC patients expressing  CD8lowCD103low 
T cells had a lower OS rate than the ICC patients with 
 CD8lowCD103high and  CD8highCD103high expression. There 
was an improvement in OS regarding the patients with 
 CD8lowCD103high and  CD8highCD103high expression in 
HCC or ICC, which might be related to the spatial het-
erogeneity of TILs in the immune microenvironment of 
HCC and ICC [42]. It was confirmed that in human HCC 
and ICC, the abundance of tumor-infiltrating  CD8+T 
cells and  CD103+CD8+T cells could be a prognostic 
predictor for patients’ OS. Furthermore, the percent-
ages of  CD103+CD8+TILs were also linked to the OS of 
HCC and ICC. Therefore, CD103 might be targeted for 

Fig. 6 Cell–cell communication between  CD8+TILs and other cell types in HCC and ICC. Heatmaps showed the regulatory potential of the 
prioritized ligands in tumor cells, TAMs, CAFs, and TECs that interact with signature genes of  CD8+CD103+T cells
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enhancing tumor immunity of  CD8+T cells, and the infil-
tration of  CD103+CD8+T cells in the liver TME might 
be considered as a biomarker to predict a better progno-
sis of the patients. The correlations between the numbers 
of  CD8+TILs,  CD103+ immune cells, and tissue-resident 
 CD103+CD8+T cells and clinical parameters in HCC and 
ICC were investigated. We found that more  CD8+T cells 
expressed CD103 in HCC and ICC tissues, which was neg-
atively associated with the advanced pathological stage.

The tissue-resident  CD103+CD8+T cells show their 
importance in anti-tumor immunity [43]. Further analy-
sis is required to understand more immune checkpoint 
genes closely related to immune cell infiltration. The 
scRNA-seq data of  CD3+TILs from human lung can-
cer reveal that the  CD8+T-LAYN (PD-1highCTLA-4high) 
is the predominant subpopulation of  CD103high  CD8+T 
cells, and these cells are the major subset in response 
to anti-PD-1 therapy [34]. Moreover, the patients with 
higher infiltration of tissue-resident  CD103+CD8+T 
cells will receive greater survival-related benefits from 
anti-PD-1 therapy [37, 38]. In our present study, we also 
reanalyzed the published scRNA-seq data of human 
HCC and ICC. We found that the biological func-
tions of  CD103+CD8+TILs in human HCC or ICC tis-
sues were highly consistent with those cells in human 
lung cancer [14, 17, 34]. Besides, some other inhibi-
tory immune checkpoint molecules, such as LAG3, 
TIGIT, and HAVCR2, were also highly expressed in 
 CD103+CD8+TILs in human HCC or ICC tissues, sug-
gesting that those  CD103+CD8+TILs were also the 
vital population in response to the immune checkpoint 
blockade therapy targeting LAG3, TIGIT or TIM3, 
or even in combination with anti-PD-1. In addition, 
based on the cell–cell communication analysis between 
 CD103+CD8+TILs and other types of cells in human 
HCC or ICC tissues, some other cellular components 
played essential roles in regulating the biological func-
tions of  CD103+CD8+TILs. For example, various cell-
derived TGF-β, and TAM-derived TNF-α, contributed 
to the formation of tissue-resident  CD103+CD8+TILs 
in the TME. Moreover, the tumor cell-derived CXCL6, 
CXCL2, and CCL20, TAM-derived CXCL9/CXCL10, and 
the stromal cell-derived CXCL12 also contributed to the 
accumulation of tissue-resident  CD103+CD8+TILs in the 
TME. Therefore, future clinical treatment targeting these 
molecules and cells may improve the effectiveness of the 
 CD103+CD8+T-cell-mediated anti-tumor response in 
the TME.

In addition, there are also some limitations of our pre-
sent study. First, the sample sizes of both HCC and ICC 
tissues need to be further extended and may improve the 
prognostic evaluation of tissue-resident  CD103+CD8+T 
cells in these two malignancies. Second, due to the 

limited fluorescence channels could be selected in the 
multicolor immunohistochemistry assay, it would be bet-
ter if we can add more functional markers to evaluate the 
anti-tumor response of tissue-resident  CD103+CD8+T 
cells in the TME of both HCC and ICC. Third, due to the 
limitation of detailed therapeutic information of all the 
HCC and ICC patients involved in the present study, it 
is of great importance to evaluate the predictive value 
of tissue-resident  CD103+CD8+T cells for therapeu-
tic efficacy of target therapy or immunotherapy against 
HCC or ICC. Resolving these three limitations would 
help the clinical application of the examination of tissue-
resident  CD103+CD8+T cells in HCC or ICC tissues 
for the prediction of therapeutic efficacy and the under-
standing of immune regulation mechanism of these two 
malignancies.

Taken together, our present study indicated the prog-
nostic values of infiltration intensity of tissue-resident 
 CD103+CD8+TILs in human HCC and ICC. Moreover, 
we also revealed that the tissue-resident  CD103+CD8+T 
cells were enriched in genes associated with T-cell acti-
vation, proliferation, cytokine function, and even T-cell 
exhaustion by using single-cell transcriptomics analysis.

Conclusion
The  CD103+ tumor-specific T cells signified an impor-
tant prognostic marker with improved OS, and the evalu-
ation of the tissue-resident  CD103+CD8+T cells might 
help assess the status of TME in HCC and ICC.

Supplementary Information
The online version contains supplementary material available at https:// doi. 
org/ 10. 1186/ s12957- 023- 03009-6.

Additional file 1: Supplementary Fig. 1. A and D. Numbers of CD8+T 
cells between adjacent normal tissues and tumor tissues of HCC and ICC 
are shown by the violin plot, respectively. B and E. Numbers of CD103+ 
immune cells between adjacent normal tissues and tumor tissues of 
HCC and ICC are shown by the violin plot, respectively. B and E. Numbers 
of CD103+CD8+T cells between adjacent normal tissues and tumor 
tissues of HCC and ICC are shown by the violin plot, respectively. *P<0.05, 
**P< 0.01.

Acknowledgements
None

Authors’ contributions
(I) Conception and design: LJ Chen, X Zheng and CP Wu. (II) Administrative 
support: LJ Chen and CP Wu. (III) Provision of study materials or patients: LJ 
Chen, ZY Huang, JJ Chen and YT Liu. (IV) Collection and assembly of data: H 
Huang, YT Liu, Y Wu, A Li, JW Ge and Z Fang. (V) Data analysis and interpreta-
tion: H Huang and B Xu. (VI) Manuscript writing: all authors. (VII) Final approval 
of manuscript: all authors.

Funding
Funding was received by the National Natural Science Foundation of China 
(82172689, 81902386, and 31729001), China Postdoctoral Science Founda-
tion (2021M700543, 2021M700547), Natural Science Foundation of Jiangsu 
Province (BK20211065), High-Level Talents Project of Jiangsu Commission of 

https://doi.org/10.1186/s12957-023-03009-6
https://doi.org/10.1186/s12957-023-03009-6


Page 13 of 14Chen et al. World Journal of Surgical Oncology          (2023) 21:124  

Health (LGY2020034), the Key R&D Project of Jiangsu Province (BE2022721), 
Changzhou International Cooperation Project (CZ20210035), the Applied 
Basic Research Foundation of Changzhou (CJ20210089), Suzhou Science and 
Technology Program in Medical Health (SKJY2021071), and the Project of State 
Key Laboratory of Radiation Medicine and Protection, Soochow University 
(GZK1202203).

Availability of data and materials
All data generated or analyzed during this study are included in this published 
article.

Declarations

Ethics approval and consent to participate
The study involving human participants was reviewed and approved by the 
Clinical Research Ethics Committee, Outdo Biotech (Shanghai, China).

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details
1 Department of Tumor Biological Treatment, the Third Affiliated Hospi-
tal of Soochow University, Changzhou 213003, Jiangsu, China. 2 Jiangsu 
Engineering Research Center for Tumor Immunotherapy, the Third Affili-
ated Hospital of Soochow University, Changzhou 213003, Jiangsu, China. 
3 Institute of Cell Therapy, the Third Affiliated Hospital of Soochow University, 
Changzhou 213003, Jiangsu, China. 4 Jiangsu Institute of Clinical Immunology, 
the First Affiliated Hospital of Soochow University, Suzhou, Jiangsu, China. 
5 Jiangsu Key Laboratory of Clinical Immunology, Soochow University, Suzhou, 
Jiangsu, China. 6 Jiangsu Key Laboratory of Gastrointestinal Tumor Immunol-
ogy, Soochow University, Suzhou, Jiangsu, China. 

Received: 17 January 2023   Accepted: 30 March 2023

References
 1.  Xue R, Chen L, Zhang C, Fujita M, Li R, Yan SM, Ong CK, Liao X, Gao Q, 

Sasagawa S, et al. Genomic and transcriptomic profiling of combined 
hepatocellular and intrahepatic cholangiocarcinoma reveals distinct 
molecular subtypes. Cancer Cell. 2019;35(6):932-947.e938.

 2.  Tang M, Zhao Y, Zhao J, Wei S, Liu M, Zheng N, Geng D, Han S, Zhang Y, 
Zhong G, et al. Liver cancer heterogeneity modeled by in situ genome 
editing of hepatocytes. Science Adv. 2022;8(25):eabn5683.

 3.  Llovet JM, Ricci S, Mazzaferro V, Hilgard P, Gane E, Blanc JF, de Oliveira AC, 
Santoro A, Raoul JL, Forner A, et al. Sorafenib in advanced hepatocellular 
carcinoma. N Engl J Med. 2008;359(4):378–90.

 4.  Sangro B, Sarobe P, Hervás-Stubbs S, Melero I. Advances in immuno-
therapy for hepatocellular carcinoma. Nat Rev Gastroenterol Hepatol. 
2021;18(8):525–43.

 5.  Ostroumov D, Duong S, Wingerath J, Woller N, Manns MP, Timrott K, 
Kleine M, Ramackers W, Roessler S, Nahnsen S, et al. Transcriptome 
profiling identifies TIGIT as a marker of T-cell exhaustion in liver cancer. 
Hepatology (Baltimore, MD). 2021;73(4):1399–418.

 6.  Diggs LP, Ruf B, Ma C, Heinrich B, Cui L, Zhang Q, McVey JC, Wabitsch 
S, Heinrich S, Rosato U, et al. CD40-mediated immune cell activation 
enhances response to anti-PD-1 in murine intrahepatic cholangiocarci-
noma. J Hepatol. 2021;74(5):1145–54.

 7.  Ma L, Hernandez MO, Zhao Y, Mehta M, Tran B, Kelly M, Rae Z, Hernandez JM, 
Davis JL, Martin SP, et al. Tumor cell biodiversity drives microenvironmental 
reprogramming in liver cancer. Cancer Cell. 2019;36(4):418-430.e416.

 8.  Llovet JM, Castet F, Heikenwalder M, Maini MK, Mazzaferro V, Pinato DJ, 
Pikarsky E, Zhu AX, Finn RS. Immunotherapies for hepatocellular carci-
noma. Nat Rev Clin Oncol. 2022;19(3):151–72.

 9.  Charalampakis N, Papageorgiou G, Tsakatikas S, Fioretzaki R, Kole C, Kyka-
los S, Tolia M, Schizas D. Immunotherapy for cholangiocarcinoma: a 2021 
update. Immunotherapy. 2021;13(13):1113–34.

 10.  Kam AE, Masood A, Shroff RT. Current and emerging therapies 
for advanced biliary tract cancers. Lancet Gastroenterol Hepatol. 
2021;6(11):956–69.

 11.  Rizzo A, Ricci AD, Di Federico A, Frega G, Palloni A, Tavolari S, Brandi 
G. Predictive biomarkers for checkpoint inhibitor-based immuno-
therapy in hepatocellular carcinoma: where do we stand? Front Oncol. 
2021;11:803133.

 12.  Rizzo A, Cusmai A, Gadaleta-Caldarola G, Palmiotti G. Which role for 
predictors of response to immune checkpoint inhibitors in hepatocellular 
carcinoma? Expert Rev Gastroenterol Hepatol. 2022;16(4):333–9.

 13.  Viscardi G, Tralongo AC, Massari F, Lambertini M, Mollica V, Rizzo A, 
Comito F, Di Liello R, Alfieri S, Imbimbo M, et al. Comparative assessment 
of early mortality risk upon immune checkpoint inhibitors alone or in 
combination with other agents across solid malignancies: a systematic 
review and meta-analysis. Eur J Cancer. 2022;177:175–85.

 14.  Zheng C, Zheng L, Yoo JK, Guo H, Zhang Y, Guo X, Kang B, Hu R, Huang JY, 
Zhang Q, et al. Landscape of infiltrating T cells in liver cancer revealed by 
single-cell sequencing. Cell. 2017;169(7):1342-1356.e1316.

 15.  Liu YF, Zhang ZC, Wang SY, Fu SQ, Cheng XF, Chen R, Sun T. Immune 
checkpoint inhibitor-based therapy for advanced clear cell renal cell 
carcinoma: a narrative review. Int Immunopharmacol. 2022;110:108900.

 16.  Chen Z, Yu M, Yan J, Guo L, Zhang B, Liu S, Lei J, Zhang W, Zhou B, Gao 
J, et al. PNOC expressed by B cells in cholangiocarcinoma was survival 
related and LAIR2 could be a T cell exhaustion biomarker in tumor 
microenvironment: characterization of immune microenvironment 
combining single-cell and bulk sequencing technology. Front Immunol. 
2021;12:647209.

 17.  Zhang M, Yang H, Wan L, Wang Z, Wang H, Ge C, Liu Y, Hao Y, Zhang 
D, Shi G, et al. Single-cell transcriptomic architecture and intercel-
lular crosstalk of human intrahepatic cholangiocarcinoma. J Hepatol. 
2020;73(5):1118–30.

 18.  Chen L, Sun R, Xu J, Zhai W, Zhang D, Yang M, Yue C, Chen Y, Li S, Turn-
quist H, et al. Tumor-derived IL33 promotes tissue-resident CD8(+) T cells 
and is required for checkpoint blockade tumor immunotherapy. Cancer 
Immunol Res. 2020;8(11):1381–92.

 19.  Hoffmann JC, Schön MP. Integrin αE (CD103)β7 in Epithelial Cancer. Can-
cers. 2021;13(24):6211.

 20.  Mueller SN, Mackay LK. Tissue-resident memory T cells: local specialists in 
immune defence. Nat Rev Immunol. 2016;16(2):79–89.

 21.  Casey KA, Fraser KA, Schenkel JM, Moran A, Abt MC, Beura LK, Lucas PJ, 
Artis D, Wherry EJ, Hogquist K, et al. Antigen-independent differentiation 
and maintenance of effector-like resident memory T cells in tissues. J 
Immunol (Baltimore, Md 1950). 2012;188(10):4866–75.

 22.  Skon CN, Lee JY, Anderson KG, Masopust D, Hogquist KA, Jameson SC. 
Transcriptional downregulation of S1pr1 is required for the establishment 
of resident memory CD8+ T cells. Nat Immunol. 2013;14(12):1285–93.

 23.  Boutet M, Gauthier L, Leclerc M, Gros G, de Montpreville V, Théret N, Don-
nadieu E, Mami-Chouaib F. TGFβ signaling intersects with CD103 integrin 
signaling to promote T-lymphocyte accumulation and antitumor activity 
in the lung tumor microenvironment. Can Res. 2016;76(7):1757–69.

 24.  Park SL, Buzzai A, Rautela J, Hor JL, Hochheiser K, Effern M, McBain 
N, Wagner T, Edwards J, McConville R, et al. Tissue-resident memory 
CD8(+) T cells promote melanoma-immune equilibrium in skin. Nature. 
2019;565(7739):366–71.

 25.  Kok L, Masopust D, Schumacher TN. The precursors of CD8(+) tissue 
resident memory T cells: from lymphoid organs to infected tissues. Nat 
Rev Immunol. 2022;22(5):283–93.

 26.  Masopust D, Soerens AG. Tissue-resident T cells and other resident leuko-
cytes. Annu Rev Immunol. 2019;37:521–46.

 27.  Sallusto F, Geginat J, Lanzavecchia A. Central memory and effector 
memory T cell subsets: function, generation, and maintenance. Annu Rev 
Immunol. 2004;22:745–63.

 28.  Edwards J, Wilmott JS, Madore J, Gide TN, Quek C, Tasker A, Ferguson A, 
Chen J, Hewavisenti R, Hersey P, et al. CD103(+) tumor-resident CD8(+) 
T cells are associated with improved survival in immunotherapy-naïve 
melanoma patients and expand significantly during anti-PD-1 treatment. 
Clin Cancer Res. 2018;24(13):3036–45.



Page 14 of 14Chen et al. World Journal of Surgical Oncology          (2023) 21:124 

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

 29.  Zheng L, Qin S, Si W, Wang A, Xing B, Gao R, Ren X, Wang L, Wu X, Zhang 
J, et al. Pan-cancer single-cell landscape of tumor-infiltrating T cells. Sci-
ence (New York, NY). 2021;374(6574):6474.

 30.  Ganesan AP, Clarke J, Wood O, Garrido-Martin EM, Chee SJ, Mellows T, 
Samaniego-Castruita D, Singh D, Seumois G, Alzetani A, et al. Tissue-
resident memory features are linked to the magnitude of cytotoxic T cell 
responses in human lung cancer. Nat Immunol. 2017;18(8):940–50.

 31.  Malenica I, Adam J, Corgnac S, Mezquita L, Auclin E, Damei I, Grynszpan L, 
Gros G, de Montpréville V, Planchard D, et al. Integrin-α(V)-mediated acti-
vation of TGF-β regulates anti-tumour CD8 T cell immunity and response 
to PD-1 blockade. Nat Commun. 2021;12(1):5209.

 32.  Hu W, Sun R, Chen L, Zheng X, Jiang J. Prognostic significance of resident 
CD103(+)CD8(+)T cells in human colorectal cancer tissues. Acta Histo-
chem. 2019;121(5):657–63.

 33.  Zhu Y, Chen J, Liu Y, Zheng X, Feng J, Chen X, Jiang T, Li Y, Chen L. 
Prognostic values of B7–H3, B7–H4, and HHLA2 expression in human 
pancreatic cancer tissues based on mIHC and spatial distribution analysis. 
Pathol Res Pract. 2022;234:153911.

 34.  Guo X, Zhang Y, Zheng L, Zheng C, Song J, Zhang Q, Kang B, Liu Z, Jin 
L, Xing R, et al. Global characterization of T cells in non-small-cell lung 
cancer by single-cell sequencing. Nat Med. 2018;24(7):978–85.

 35.  Browaeys R, Saelens W, Saeys Y. NicheNet: modeling intercellular 
communication by linking ligands to target genes. Nat Methods. 
2020;17(2):159–62.

 36.  Beura LK, Mitchell JS, Thompson EA, Schenkel JM, Mohammed J, Wijeyes-
inghe S, Fonseca R, Burbach BJ, Hickman HD, Vezys V, et al. Intravital 
mucosal imaging of CD8(+) resident memory T cells shows tissue-auton-
omous recall responses that amplify secondary memory. Nat Immunol. 
2018;19(2):173–82.

 37.  Byrne A, Savas P, Sant S, Li R, Virassamy B, Luen SJ, Beavis PA, Mackay LK, 
Neeson PJ, Loi S. Tissue-resident memory T cells in breast cancer control 
and immunotherapy responses. Nat Rev Clin Oncol. 2020;17(6):341–8.

 38.  Lin R, Zhang H, Yuan Y, He Q, Zhou J, Li S, Sun Y, Li DY, Qiu HB, Wang 
W, et al. Fatty Acid oxidation controls CD8(+) tissue-resident memory 
T-cell survival in gastric adenocarcinoma. Cancer Immunol Res. 
2020;8(4):479–92.

 39.  Kumagai S, Togashi Y, Kamada T, Sugiyama E, Nishinakamura H, Takeuchi 
Y, Vitaly K, Itahashi K, Maeda Y, Matsui S, et al. The PD-1 expression bal-
ance between effector and regulatory T cells predicts the clinical efficacy 
of PD-1 blockade therapies. Nat Immunol. 2020;21(11):1346–58.

 40.  Li R, Liu H, Cao Y, Wang J, Chen Y, Qi Y, Lv K, Liu X, Yu K, Lin C, et al. Identifi-
cation and validation of an immunogenic subtype of gastric cancer with 
abundant intratumoural CD103(+)CD8(+) T cells conferring favourable 
prognosis. Br J Cancer. 2020;122(10):1525–34.

 41.  de Vries NL, van Unen V, Ijsselsteijn ME, Abdelaal T, van der Breggen R, 
Farina Sarasqueta A, Mahfouz A, Peeters K, Höllt T, Lelieveldt BPF, et al. 
High-dimensional cytometric analysis of colorectal cancer reveals novel 
mediators of antitumour immunity. Gut. 2020;69(4):691–703.

 42.  Zheng BH, Ma JQ, Tian LY, Dong LQ, Song GH, Pan JM, Liu YM, Yang SX, 
Wang XY, Zhang XM, et al. The distribution of immune cells within com-
bined hepatocellular carcinoma and cholangiocarcinoma predicts clinical 
outcome. Clin Transl Med. 2020;10(1):45–56.

 43.  Han J, Khatwani N, Searles TG, Turk MJ, Angeles CV. Memory CD8(+) T cell 
responses to cancer. Semin Immunol. 2020;49:101435.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


	Prognostic values of tissue-resident CD8+T cells in human hepatocellular carcinoma and intrahepatic cholangiocarcinoma
	Abstract 
	Background 
	Methods 
	Results 
	Conclusion 

	Introduction
	Materials and methods
	Patients and tissue specimens
	mIHC and imaging analysis
	scRNA-seq data analysis
	Correlation analysis
	Gene set enrichment analysis
	Cell–cell communication analysis
	Statistical analyses

	Results
	Expression of CD103 and immunolocalization of tissue-resident CD8+T cells in human HCC and ICC tissues
	Prognostic values of tumor-infiltrating CD8+T cells, CD103+ immune cells, and tissue-resident CD103+CD8+T cells in human HCC and ICC tissues
	Correlations between patients’ clinical parameters and the intensities of tumor-infiltrating CD8+T cells, CD103+ immune cells, and tissue-resident CD103CD8+T cells in human HCC and ICC tissues 
	The role of CD103 in CD8+TILs in human HCC
	The role of CD103 in CD8+TILs in human ICC
	Cell–cell communication between CD103+CD8+TILs and other cell types in HCC and ICC

	Discussion
	Conclusion
	Anchor 25
	Acknowledgements
	References


