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ABSTRACT
Tissue-resident memory (TRM) T cells have emerged as key players in cancer immunosurveillance, 
and their presence has been linked to a favorable clinical outcome in solid cancer patients. Liver 
metastases exhibit a highly immunosuppressive tumor microenvironment, however, the role and 
clinical impact of TRM cell infiltration in colorectal cancer remain elusive. The expression of several 
tissue residency and activation biomarkers has been investigated on tumor-infiltrating lymphocytes 
isolated from 26 patients’ colorectal cancer liver metastases (CRC liver metastases) and compared to 
16 peripheral blood samples of patients with CRC liver metastases. Cytokine production was also 
evaluated in in vitro-activated TRM and non-TRM cells. The prognostic value of TRM cells was also 
assessed in a well-defined cohort of CRC liver metastases. Here we identified two subsets of TRM 
cells expressing CD103 and/or CD69 showing significantly higher expression of tissue residency and 
activation biomarkers. CD103+CD69+ TRM cells subset showed almost exclusive expression of tumor 
reactivity biomarkers PD-1 and CD39. Supporting this observation, CD103+CD69+ TRM cells showed 
a more oligoclonal TCR repertoire. Both TRM subsets presented higher cytotoxic and functional 
capacity compared to non-TRM cells. Our study shows that only the presence of CD103+CD69+ TRM 
cells is associated with longer recurrence-free survival of colorectal cancer patients with liver 
metastases. Taken together, our work demonstrates the existence of a phenotypic heterogeneity of 
TRM cells in colorectal cancer liver metastases. In this study, we identified a population of 
CD103+CD69+ TRM cells exhibiting the characteristics of tumor reactivity and correlated with better 
patients’ prognosis, with potential implications in optimal therapeutic strategies determination.
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HIGHLIGHTS
● Liver metastases of colorectal carcinoma contain CD103+ CD69+ and CD103− CD69+ TRM subsets
● CD103+ CD69+ TRM subset is enriched in antigen-experienced lymphocytes expressing PD1 and CD39
● The presence of CD103+CD69+ TRM cells is associated with longer recurrence free survival.

Introduction

Tissue-resident memory T (TRM) cells reside in peripheral tissues 
where they play a key role in local immunosurveillance and in 
controlling early pathogen spread.1 TRM have recently emerged as 
an essential component in cancer immunity.2,3 Compelling evi
dence established that CD8+ TRM cells are endowed for accumula
tion in the cancer microenvironment, enriched in tumor antigen- 
specific clones, and display potent and durable effector functions.4 

If the role of TRM cells has been unraveled in primary tumors of 
epithelial origin, the contribution of these lymphocytes in the 
immune context of liver metastases is still unclear.

TRM cells have been described within most organs in mice and 
human and are characterized by the high expression of surface 
molecules that enforce a tissue-resident state such as CD103, 
CD69, and CD49a.2,5 CD103 is the subunit of the Integrin αE 
that pairs with the subunit of the integrin β7 to form 
a heterodimeric receptor that binds to E-cadherin and enables 
tissue retention of T cells.6,7 CD69 is a type II C-lectin that counter
acts tissue egress by down-regulating the expression of sphingo
sine-1-phosphate receptor-1 (S1PR1).8,9 CD49a is the Integrin α1 
subunit that pairs with the integrin β7 subunit to constitute the 
VLA-1 (Very Late Antigen 1) which binds to collagen IV.10

Even though TRM cells share a common core residency 
transcriptional program, they have been shown to present 
inter and intra-organ heterogeneity.11,12 In recent years, TRM 
cells transcriptional and functional characteristics have been 
extensively investigated in the most immunogenic solid can
cers such as melanoma and lung cancers, and more recently in 
breast cancers, however, they remain poorly explored in gas
trointestinal cancers.11,13–17 Interestingly, these studies 
reported a superior functionality of TRM cells compared to 
non-TRM cells which may explain the observed correlation of 

their presence with a better patient outcome at the clinical 
level. However, the impact of TRM cells subsets presence on 
the prognosis of cancer patients with liver metastases remains 
dismal.

Comprehensive analysis of tumor-associated antigens and 
neoantigens-specific tumor-infiltrating T cells in respectively 
HBV induced cancers and non-small cell lung cancers at the 
single cell level revealed that most of these tumor-infiltrating 
lymphocytes are TRM cells.18,19 These observations highlight 
the pivotal role played by TRM cells in cancer eradication and 
explain their superior prognostic value compared to non-TRM 
cells.20

Liver metastases occur in nearly 50% of patients with color
ectal cancer (CRC) and represent the leading cause of CRC- 
related death.21 Although curative resection of metastases 
markedly improves patients’ long-term survival, still 70% of 
these patients relapsed. A comprehensive study conducted on 
over 200 patients with CRC liver metastases reported that high 
CD3+ CD8+ TILs density in the tumor microenvironment is 
associated with better outcome for these patients.22 A better 
characterization of TRM distribution and biology within liver 
metastases might contribute to a better understanding of these 
diseases.

In this study, we sought to characterize TRM cells popula
tions in colorectal cancer liver metastases for the first time and 
to investigate their functionality. Therefore, we performed 
exhaustive phenotypic and functional characterization of 
TILs of patients with CRC liver metastases using multi- 
parametric flow cytometry and in vitro experiments. The prog
nostic value of these subsets was also assessed in a well-defined 
cohort of CRC patients who underwent curative surgery for 
their liver metastases.
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Materials and methods

Human subjects

A total of 26 Colorectal cancer liver metastases samples were 
obtained from the University Hospital of Besançon, 
Department of Digestive Surgery. Patients with histologically 
confirmed liver metastases were enrolled in the Epitopes- 
CRC02 cohort (NCT02817178). Informed consent was 
obtained from all patients following the French regulations. 
This study was approved by the local and national ethics 
committees. Formalin-fixed paraffin-embedded (FFPE) tissue 
specimens of liver metastases of CRC patients were retrieved 
from the pathology archives and processed/archived in the 
Biobank BB-0033-00024, of the Tumorothèque Régionale de 
Franche-Comté, Project (#F1820).

Tumor-infiltrating lymphocytes and peripheral blood 
mononuclear cells isolation

Tumor-infiltrating lymphocytes (TILs) were obtained from 
freshly extracted colorectal cancer liver metastases as pre
viously described. Briefly, tumors were cut and digested using 
a mechanical/enzymatic dissociation system (Miltenyi Biotec) 
and then filtered. Flow cytometry staining and functional test
ing as well as TCR sequencing were conducted on the freshly 
obtained or cryopreserved cell suspension.

Peripheral blood mononuclear cells (PBMCs) were isolated 
from blood samples of patients with CRC liver metastases 
using density gradient centrifugation.

Flow cytometry

Phenotypic analysis of TILs and PBMCs was realized in 
FACS buffer (PBS 1X, EDTA 50 µM, 0.2% BSA). For surface 
antigen staining, cells were incubated with the appropriate 
fluorescence-conjugated antibodies for 30 min in the dark at 
4°C (Table S1). For cell viability analyses, fixable viability 
dye (eBioscience) was used according to the manufacturer’s 
instructions. For intracellular staining, cells were washed 
after surface antigen staining then permeabilized and fixed 
using the Fixation/Permeabilization Kit (BD Biosciences) 
according to the manufacturer’s instructions. Finally, cells 
were stained with the appropriate fluorescence-conjugated 
antibodies for 30 min in the dark at 4°C. Flow cytometry 
data were acquired on FACSLyric (BD Biosciences) and 
analyzed with FlowJo software (v10.8.1). The gating strategy 
was set on Fluorescence Minus One (FMO) control applied 
across all samples. Visualization of flow cytometry data using 
t-SNE or UMAP was achieved using FlowJo software 
(v10.8.1).

Functional assays

For the assessment of cytokine production and degranulation 
by TRM and non-TRM cells, TILs were stimulated for 5 h in 
a plate-bound anti-CD3 (Miltenyi Biotec MACS GMP, clone 
OKT3) and a soluble anti-CD28 (Miltenyi Biotec, clone 15E8) 
in the presence of GolgiPlug or GolgiStop (BD Biosciences) in 
RPMI medium (Thermo Fisher Scientific) supplemented with 

10% fetal bovine serum. Coting of the anti-CD3 (2 μg/ml) was 
performed overnight at 4°C with PBS. After stimulation, intra
cellular cytokine staining was performed and IFNy, TNFα, 
GZMß, and CD107a (BD Biosciences, clone Mab11) (Table 
S1) were assessed.

TCRα and TCRβ sequencing and analysis

Non-expanded tumor-infiltrating lymphocytes extracted from 
liver metastasis of CRC were stained with anti-CD3, anti-CD8, 
anti-CD69, and anti-CD103 antibodies as well as viability dye 
(Supplementary Table S1). Three CD8+ T cell populations were 
sorted: two TRM populations identified as CD69+CD103− and 
CD69+CD103+ as well as a non-TRM population identified as 
CD69−CD103− was used as a control.

Bulk TCR sequencing analyses were performed as described 
previously.23 Briefly, RNA was isolated and amplified by 
in vitro transcription. The resulting cRNA was converted to 
ssDNA by multiplex reverse transcription using a collection of 
TRAV/TRBV-specific primers containing UMI and Illumina 
adapters. TCRs were then amplified by PCR (20 cycles) with 
a single primer pair binding to the constant region and the 
Illumina adapter added during the reverse transcription. 
A second round of PCR (25 cycles) was performed to add the 
different indexes used for multiplexing. The TCR products 
were purified, quantified, and loaded on MiSeq or NextSeq 
instruments (Illumina) for the deep sequencing of the TCRs 
chain. The TCR sequences were further processed using ad hoc 
Perl scripts to (i) pool all TCR sequences coding for the same 
protein sequence; (ii) correct for amplification and sequencing 
errors using 9mers UMI; (iii) filter out all out-frame sequences; 
(iv) determine the abundance of each distinct TCR sequence. 
TCRs with a single read were removed for the analysis.

Divers indexes such are richness, Shannon Entropy, and 
clonality were used to analyze the repertoire. Richness refers 
to the number of unique clonotypes identified in the repertoire. 
The Shannon Entropy was calculated as follows: 

�
Xn

i¼1
Fi � log2 Fið Þ

Where n is the total number of clonotype and F is the clono
type frequency. Clonality, refers to 1-Pielou index, was calcu
lated as follows: 

1 �
�
Pn

i¼1 Fi � log10 Fið Þ

log10 nð Þ

� �

Where n is the total number of clonotypes and F is the clono
type frequency.

RNA sequencing analysis

Frozen samples of CRC liver metastases were used for 
mRNA extraction using Qiagen Kit Qiagen AllPrep DNA/ 
RNA Mini Kit (ref 80,204) as previously described.24 The 
concentration of each library was measured by real-time 
PCR. Samples with a RIN score strictly inferior to 7 were 
discarded. The constructed libraries were sequenced in 
paired ends (200 cycles; 2 × 100 bp) using Novaseq 6000. 
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Local bulk RNA-seq reads were aligned using STAR v2.7.9a 
to GENCODE Human Release 39 (GRCh38.p13), and the 
read count matrix was produced with Feature Counts v2.0.1, 
both by using the default parameters. Immune deconvolu
tion analyses of the datasets were performed using the 
immunedeconv R package and MCPCounter as previously 
described.24 Clustering of the TRM

high and TRM
Low expres

sion populations was performed by cutting off the median of 
full CD3, CD8, CD103, and CD69 gene expression for the 
dataset. Computations were performed at the supercomputer 
facilities of Mésocenter de calcul de Franche-Comté. Raw 
data from the bulk RNA-seq analysis were deposited in 
NCBI Gene Expression Omnibus (GEO) under accession 
number GSE207194.

Single cell RNA and TCR sequencing data processing

Single cell RNA and TCR sequencing were downloaded from 
Gene Expression Omnibus (GEO) with the accession number 
GSE164522.25 The counts data corresponding to the PBMCs, 
primary tumor and tumor metastasis were analyzed using 
Seurat V5.0.0,26 and the TCR sequencing data was added to 
the Seurat object using scRepertoire V1.12.0.27 The quality 
control was already performed on the downloaded data and 
no additional filtering was applied. A normalization step was 
used with the “Log.Normalize” method and with scale factor 
of 10 000. The scaling step was performed on all genes, and 
a PCA was runned on the first 2 000 variable genes. 
Clustering was obtained by finding the closest neighbors by 
running the Louvain algorithm on the first 30 PC, and at 
a resolution of 1 by which the CD3E+ CD8A+ cells were 
clustered separately. After running the UMAP using the 
same first 30 PC, the Seurat was subseted of clusters that 
expressed both CD3E and CD8A. The same analysis was 
performed on the resulted Seurat object, and the resolution 
of 0.4 was chosen for further analysis. The differentially 
expressed gene were calculated for each cluster using 
FindAllMarkers with logfc.threshold = 0.5, min.pct = 0.1 and 
using the Wilcoxon test. scRepertoire was used to make the 
figures for scTCR seq data.

Immunohistochemistry and immunofluorescence staining

For CD3 immunohistochemistry, FFPE specimens of CRC 
liver metastases were sectioned at 4/5 μm. Hematoxylin 
and eosin staining was performed for the first section to 
histopathologically confirm the presence of tumor cells. 
Immunostaining for CD3 with a polyclonal rabbit anti- 
human CD3 antibody (A045201, Agilent) (1/200) was per
formed using a Ventana Benchmark (Roche) as previously 
described in.24 The CD3 slides were digitized with 
a Nanozoomer HT2.0 (Hamma- Matsu) at (20×) magnifi
cation to generate a whole-slide imaging (WSI) file in ndpi 
format that was then imported into QuPath software to 
evaluate densities (cells/mm2) at the tumor center and the 
invasion margins of CRC liver metastases. For TRM immu
nofluorescence staining, the following antibodies were 
used on 52 CRC liver metastases tissue microarray 
(TMA): Mouse anti-CD8 (BioSB, BSB 5173) at 1/100 and 

Rabbit anti-CD103 (Abcam, ab129202) at 1/100. For each 
staining, a secondary conjugated antibody from Jackson 
Immunoresearch was used at 1/300: Cy5 Goat anti-mouse 
(115-175-205), FITC Goat anti-rabbit (111-095-144), 
AF594 Goat anti-mouse IgG2a (115-585-206). 
Immunohistochemical and immunofluorescence analyses 
were performed by an experienced pathologist blinded to 
patient identity and clinical status.

Statistical analysis

Statistical significance between three or more paired groups 
was assessed using one-way ANOVA with Tukey’s multiple 
comparisons test. The significance between the two groups was 
calculated using the Mann-Whitney U test.

Recurrence-free survival (RFS) was calculated from the date 
of surgery for CRC liver metastases to the date of relapse or 
death from any cause or to the date of the last follow-up, at 
which point the data were censored. Overall survival (OS) was 
calculated from the date of CRC liver metastases surgery to the 
date of death from any cause. Survival data were censored at 
the last follow-up visit. OS curves were estimated using the 
Kaplan-Meier method and described using the median or rate 
at specific time points with 95% confidence intervals (95%CI).

Analyses and graphical plotting were performed using 
R software (version 3.6.1; R Development Core Team; http:// 
www.r-project.org) and GraphPad Prism 9. Statistical signifi
cance was set at p < 0.05.

Data availability statement
Raw data from the bulk RNA-seq analysis were deposited in 
NCBI Gene Expression Omnibus (GEO) under accession num
ber GSE207194. Raw data are available upon reasonable 
request from the corresponding author.

Results

CRC liver metastases CD8+ T cells are enriched for tissue 
residency biomarkers

Multi-parametric flow cytometry profiling was conducted on 
TILs isolated from 19 patients’ colorectal cancer liver metas
tases and compared to 16 PBMCs samples of CRC liver metas
tases patients (Figure 1a). Tissue residency, activation, 
exhaustion as well as tumor reactivity biomarkers were 
assessed. Analysis revealed a remarkably distinct phenotype 
of liver metastases CD8+ TILs compared to circulating T cells 
(Figure 1b,c). CRC liver metastases CD8+ TILs exhibited sig
nificantly higher expression of tissue retention biomarkers 
CD69, CD103, and CXCR6 whereas circulating CD8+ T cells 
showed no expression of these proteins (Figure 1b,c). CXCR6 
and CD101 were reported to be a tissue residency biomarker of 
liver TRM

28 cells, interestingly while roughly a median of 10% 
of circulating CD8+ T cells expressed CD101, almost 40% of 
CD8+ TILs were positive (Figure 1b,c). In addition, we noted 
that CRC liver metastases CD8+ TILs expressed higher levels of 
CD39 and PD-1 along with the activation marker HLA-DR 
(Figure 1b,c). Strikingly, a significant downregulation of the 
co-stimulation biomarker CD226 was observed in liver 
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Figure 1. Phenotypic characterization of CD8+ TILs and PBMCs in CRC liver metastases. (a) Study overview. (b) UMAP visualization of tissue residency (CD69, CD103, 
CD101, CXCR6), activation (CD226, HLA-DR), and tumor reactivity (PD1, CD39) biomarkers on CD8+ PBMCs (n = 16) and TILs (n = 19). UMAP visualization was conducted 
on total T cells (c) analysis of tissue residency (CD69, CD103, CD101, CXCR6), activation (CD226, HLA-DR), and tumor reactivity (PD1, CD39) biomarkers expression 
between CD8+ PBMCs and TILs. (d) Correlation matrix of studied biomarkers (CD69, CD103, CD101, CD226, HLA-DR, PD1, CD39) on TILs and PBMCs, positive correlations 
are indicated in blue, negative correlations are in red, p < 0.05 was considered significant. Statistical differences between the two groups were determined using the 
Mann‒Whitney U test (c). *p < 0.05, **p < 0.01, ***p < 0.001, ****p < 0.0001.
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metastases compared to circulating CD8+ T cells, in line with 
a possible influence of TGF-β1 as we previously reported.24 

Interestingly, we also observed a correlation between CD69 
and tissue residency biomarkers (Pearson’s correlation coeffi
cient, CD103 r = 0.57, CXCR6 r = 0.5 and CD101 r = 0.46, 
Figure 1d) along with activation/tumor reactivity biomarkers 
(Pearson’s correlation coefficient, HLA-DR r = 0.6, PD-1 r =  
0.53 and CD39 r = 0.4, Figure 1d). Collectively, these results 
indicate that CRC liver metastases CD8+ TILs display a unique 
profile significantly different from circulating CD8+ T cells, 
consistent with the reported tissue-resident memory T cells 
phenotype.

CD103 and CD69 residency molecules identify two distinct 
subsets of tissue-resident CD8 T cells enriched in CRC liver 
metastases

CD69 and CD103 expression have been widely used as tissue 
residency bona fide biomarkers. Two major populations of 
CD8+ TRM cells have been well validated on the phenotypic 
and transcriptional level: CD103− CD69+ and 
CD103+CD69+.14,15,19,28,29 Although the use of CD69 as 
a residency biomarker was highly questioned due to its 
expression on circulating activated T cells, it is now well- 
validated that CD69+ TILs present a core residency 
program.18 Nevertheless, recent studies demonstrated that 
TRM cells display inter and intra-organ heterogeneity. 
A distribution analysis of several tissue residency biomarkers 
was conducted to explore this heterogeneity in CRC liver 
metastases. Following flow cytometry and UMAP analysis, 
two clusters expressing tissue residency biomarkers were 
identified as CD103− CD69+ and CD103+CD69+(Figure 2a, 
b). Almost half of the tested CRC liver metastases CD8+ TILs 
were CD103− CD69+ (Median, 46.6%, 10.7%-81.7%) and 
roughly one-quarter co-expressed CD69 and CD103 
(Median, 24.6%, 4%-84.2%) (Figure 2c). Both CD103− 

CD69+and CD103+ CD69+ CD8+ TILs showed significantly 
higher expression of tissue residency/activation biomarkers 
CXCR6, CD101, and HLA-DR compared to 
CD103−CD69−CD8+ TILs, suggesting that both 
CD103−CD69+ and CD103+CD69+ represented two distinct 
TRM subsets while CD103−CD69− lack residency phenotype 
(Figure 2d). CD103− CD69+ and CD103+CD69+ subsets 
showed distinct profiles regarding the expression of tissue 
residency/activation biomarkers. CD103+CD69+ subset 
showed significantly higher expression of CD101 as well as 
activation marker HLA-DR compared to CD103−CD69+ 

(Figure 2d). Interestingly, the correlation profile between 
the studied biomarkers differed between TRM and non-TRM 
cells and even between the two identified TRM subsets 
(Figure 2e). Although PD-1 was correlated to CD39, HLA- 
DR as well as CD101 in the CD103+CD69+ subset, no correla
tion between PD-1 expression and CD39 nor HLA-DR was 
observed in the CD103−CD69+ TRM subset (Figure 2e). This 
first set of experiments showed that different CD8 TRM sub
sets infiltrate the tumor microenvironment of CRC liver 
metastases.

Tissue-resident CD8+ T cells in colorectal cancer liver 
metastases exhibit higher cytotoxicity

TRM cells were reported to be endowed with higher functionality 
compared to non-TRM cells. To investigate TRM cells function
ality, in vitro activation of TILs was conducted. Interestingly, 
both TRM populations (CD103+CD69+ and CD103−CD69+) pre
sented higher production of IFNγ compared to non-TRM cells 
(CD103−CD69−), whereas only CD103−CD69+ TRM cells subsets 
reached statistical significance (p = 0.0281) (Figure 3a,b). 
Additionally, only CD103− CD69+ TRM cells presented higher 
production of TNFα (Figure 3a, b). Next, we investigated these 
TRM cells polyfunctionality and capacity to produce more than 
one cytokine. CD103+ CD69+ and CD103− CD69+ TRM subsets 
presented slightly higher co-production of IFNγ and TNFα than 
non-TRM, however, these data didn’t research statistical signifi
cance (Figure 3c,d). Interestingly, both TRM populations pre
sented significantly higher production of GZMB compared to 
non-TRM cells (Figure 3e). Similar results were observed for 
CD107a in degranulation assays, however, only CD103−CD69+ 

TRM cells subsets reached statistical significance (p = 0.0226) 
(Figure 3e). All these observed data led us to speculate that 
TRM cells seem to be more cytotoxic than non-TRM cells.

CD8+ CD103+ CD69+ TRM cells display characteristics of 
tumor reactivity

PD-1 is an immune checkpoint also known as an antigen- 
experienced T cell marker. CD39 is a useful biomarker for 
distinguishing tumor-reactive T cells from bystander cells in 
the tumors.16,19 To better discern tumor-reactive TRM cells 
from bystanders, we sought to investigate the expression of 
these two markers in the identified TRM subsets. CD103+ 

CD69+ TRM cells showed significantly higher expression of 
PD-1 as well as CD39 compared to CD103−CD69+ TRM subset 
(Figure 4a,b). On the other hand, non-TRM cells showed very 
low expression of PD-1 and CD39. Interestingly, the majority 
of CD103+ CD69+ TRM cells co-expressed PD-1 and CD39 
suggesting a tumor-reactive TRM population in CRC liver 
metastases (Figure 4c,d). Additionally, we investigated the 
gene expression of these tumor reactivity biomarkers in 
CD103+ CD69+ and CD103−CD69+ TRM in GSE164522, 
which is a dataset of a single-cell RNA and TCR sequencing 
analyses comprising liver metastases of CRC. Same results were 
observed at the gene expression level, CD103+ CD69+ TRM cells 
expressed higher levels of CD39 and PD-1 genes (ENTPD1 and 
PDCD1), along with CXCL13, a well-defined tumor reactive 
T cells biomarker30 (Figure 4e-h).

CD8+ CD103+ CD69+ TRM cells are oligoclonal and exhibit 
a TCR repertoire distinct from the other TILs subsets

Next, we set out to investigate the TCR repertoire diversity 
of TRM and non-TRM cells. Therefore, the three TILs popu
lations (CD103+CD69+, CD103−CD69+, CD103−CD69−) 
were sorted and bulk TCR sequencing was performed 
(Figure 5a). To assess the TCR repertoire diversity, CL50 
(which represents the frequency of needed clonotypes to 
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reach 50% of the TCR repertoire) was determined. CD103+ 

CD69+ TRM population showed lower TCR repertoire 
diversity compared with CD103−CD69+ TRM cells and 
non-TRM cells, mirrored by a lower CL50 (Figure 5b,c). In 

fact, for CD103+ CD69+ TRM only 2 to 8 expanded clono
types were needed to reach 50% of the repertoire compared 
to 9 to 41 and 3 to 34 clonotypes for CD103−CD69+ TRM 
cells and non-TRM cells respectively (Figure 5b,c). We next 

Figure 2. Phenotypic heterogeneity of CD8+ TRM subsets in CRC liver metastases. (a) FACS plots showing CD103 and CD69 expression on CD8+ TILs, CD103−CD69+ TRM 

cells are in red, CD103+CD69+ TRM cells are in green, CD103−CD69− non-TRM cells are in blue. (b) UMAP visualization of the localization of the two TRM (CD103−CD69+ TRM 

in red and CD103+CD69+ TRM in green) and the non-TRM (CD103−CD69− in blue) populations on CD8+CD69+ TILs. UMAP visualization was conducted on total T cells (c) 
frequency of TRM (CD103−CD69+ in red and CD103+CD69+ in green) and non-TRM cells (CD103−CD69− in blue) in 19 patients with CRC liver metastases. (d) Expression 
analysis of tissue residency (CD101, CXCR6), and activation (CD226, HLA-DR) biomarkers between TRM and non-TRM cells. (e) Correlation matrix of CD101, CD226, HLA-DR, 
PD1, and CD39 expression on TRM (CD103−CD69+ and CD103+CD69+) and non-TRM (CD103−CD69−) cells, positive correlations are indicated in blue, negative correlations 
are in red. Statistical significance between three paired groups was assessed using one-way ANOVA with Tukey’s multiple comparisons test (d), *p < 0.05, **p < 0.01, 
***p < 0.001, ****p < 0.0001.
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assessed whether the 5 most expanded clonotypes of 
CD103+ CD69+ TRM cells are shared with other TILs popu
lations. For the 5 tested patients, a total of 25 clonotypes 
were identified of which 13 (52%) were specific to the 
CD103+ CD69+ TRM cells population (Figure 5d). Except 
for P2, overlap analysis showed the same tendency, with 
CD103+ CD69+ TRM cells exhibiting a unique TCR reper
toire (Figure 5e). Finally, analyses of the GSE164522 

dataset of the single-cell TCR sequencing data revealed 
that the cluster C3 corresponding to CD103+ CD69+ TRM 
cells showed higher number of clonally expander TCR compared 
to the other CD103− CD69+ cells clusters (C1, C2, C4 and C5) 
(Figure 5f,g).

These data suggest that CD103+ CD69+ TRM cells are more 
oligoclonal and exhibit a TCR repertoire distinct from the 
CD103− CD69+ TRM and non-TRM subsets and therefore 

Figure 3. CD8+ TRM subsets in CRC liver metastases present an enhanced T cell function. (a) FACS contour plots showing IFNγ and TNFα production by TRM and non-TRM 

cells (b) comparison of IFNγ and TNFα production between TRM and non-TRM cells (c) FACS contour plots showing IFNγ and TNFα co-production by TRM and non-TRM cells 
(d) comparison of IFNγ and TNFα co-production by TRM and non-TRM cells. (e) Comparison of GZMB and CD107a production between TRM and non-TRM cells. Cells were 
activated with anti-CD3-CD28 stimulation for 5 hours. Statistical significance between three paired groups was assessed using one-way ANOVA with Tukey’s multiple 
comparisons test, *p < 0.05, **p < 0.01, ***p < 0.001, ****p < 0.0001.
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Figure 4. CD8+CD103+CD69+ TRM cells in CRC liver metastases are enriched in tumor reactivity biomarkers. (a) UMAP visualization of tumor reactivity (PD1, CD39) 
biomarkers on CD8+ TILs (n = 19). UMAP visualization was conducted on total T cells (b) expression analysis of tumor reactivity (PD1, CD39) biomarkers between TRM and 
non-TRM cells. (c) FACS contour plots showing co-expression of PD1 and CD39 on TRM and non-TRM cells. (d) Analysis of co-expression of PD1 and CD39 between TRM and 
non-TRM cells. (e) Unsupervised clustering (UMAP plot) of scRnaseq data of TILs recovered from CRC liver metastases samples (GSE164522 dataset, n = 17 treatment- 
naïve patients), with key T cell subtypes annotated. (f) Volcano plot showing the most differentially expressed genes in the CD8+CD103+CD69+ TRM cells cluster (C3). (g) 
UMAP highlighting CD8+CD103+CD69+ TRM cells (cluster C3) and the expression of selected tumor reactivity genes PDCD1 and ENTPD1. (h) Violin plots showing the 
expression of selected tumor reactivity genes PDCD1 and ENTPD1 in different TRM clusters. Statistical significance between three paired groups was assessed using one- 
way ANOVA with Tukey’s multiple comparisons test, *p < 0.05, **p < 0.01, ***p < 0.001, ****p < 0.0001.
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Figure 5. CD8+CD103+CD69+ TRM cells exhibit a distinct TCR repertoire in CRC liver metastases. (a) Sorting of TRM and non-TRM cells for TCRseq from 5 patients. (b) TCR 
repertoire diversity of TRM and non-TRM cells presented according to the CL50 defined as the frequency of needed clonotypes to reach 50% of the TCR repertoire.23 

clonotype was defined by the exact nucleotide CDR3 sequences of paired TCR α and β chains (c) circos plots showing the most expanded TCR in each TRM and non-TRM 

population (each chord represents a single TCR, the thickness of the chord is correlated to its expansion) (d) distribution of the 5 most expanded CD103+CD69+ TRM cells 
clonotypes across CD103−CD69+ TRM and CD103−CD69− non-TRM cells. (e) Clonal overlap (Morisita-Horn index) data of the TCRβ of all samples according to TRM and 
non-TRM populations. DP: CD103+CD69+ TRM cells, SP: CD103−CD69+ TRM cells, DN: CD103−CD69− non-TRM cells. (f) Unsupervised clustering (UMAP plot) of scTcrseq data 
of TILs recovered from CRC liver metastases samples (GSE164522 dataset, n = 17 treatment-naïve patients), showing the expanded TCRs. (G) Histogram showing the 
number of cells with clonally expanded TCRs in each cluster.
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might represent the tumor-reactive TRM population in the 
tumor microenvironment of CRC liver metastases.

CD8+ CD103+ CD69+ TRM subset express higher levels of 
CD49a

CD49a expression defines a distinct subset of TRM cells in 
both normal skin and melanoma.31,32 Expression of CD49a 
in TRM derived from liver metastases was never delineated. 
To gain further insight into the phenotypic and functional 
characteristics of the two identified TRM cells subsets in 
CRC liver metastases, we first determined the expression 
level of CD49a and then investigated whether it indicates 
a functional dichotomy. As previously described in other 
cancers, CD103+CD69+ and CD103− CD69+ TRM cells 
exhibited higher expression levels of CD49a compared to 
non-TRM cells (Figure 6a). Notably, CD49a expression levels 
are enhanced in CD103+ CD69+ TRM subset within CRC liver 
metastases compared to CD103− CD69+ TRM. A correlation 
between CD49a expression and PD-1 was observed in 
CD103+ CD69+ TRM cells but not in CD103− CD69+ TRM 
cells (Pearson’s correlation coefficient, r = 0.62, Figure 6b). 
CD49+ and CD49− CD103+ CD69+ TRM derived from liver 
metastases produced similar levels of IFNγ and TNFα 
(Figure 6c). CD49+CD103−CD69+ TRM cells on the other 
hand showed significantly higher production levels of INFγ 
(Figure 6d). On the other hand, the absence of PD1 and 

CD39 expression within CD49+CD103−CD69+ TRM suggests 
that CD49a does not contribute to the discrimination of 
a tumor-reactive population within CD103− CD69+ TRM cells.

By contrast to previous reports performed in melanoma and 
head and neck carcinoma, our results suggest that CD49a 
expression does not contribute to discriminating TRM func
tions in CD103+ CD69+ TILs isolated from CRC liver 
metastases.

Infiltration of CRC liver metastases by CD8+CD103+CD69+  

TRM is associated with improved patients’ prognosis
Lastly, we investigated the prognostic value of TRM cell popula
tions in colorectal cancer liver metastases of 26 patients treated 
by surgery (Figure 7a). Dimensionality reduction analysis 
showed larger clusters of CD8+ TRM cells infiltration in patients 
who didn’t present recurrence post-treatment of their liver 
metastases (Figure 7b). Additionally, tSNE analysis showed 
a more important presence of CD103+CD69+TRM cells in these 
patients, speculating a more infiltrated tumor microenviron
ment associated with a better prognosis (Figure 7b). To validate 
this hypothesis, statistical analyses were conducted based on flow 
cytometry data of TRM classification into the previously identi
fied two subsets and compared to total CD8 infiltration as well as 
infiltration by non-TRM cells. Strikingly, neither total CD8 infil
tration nor CD103−CD69+ levels were associated with CRC liver 
metastases patient’s risk of relapse (Figure 7c). Only 
CD103+CD69+ TRM cells presence was significantly associated 

Figure 6. CD103+ CD69+ TRM subset expresses higher levels of CD49a. (a) Analysis of CD49a expression between CD8+ TRM and non-TRM cells. (b) Correlation matrix of 
HLA-DR, CD39, PD1, CD101, CD226, CD49a expression on CD103−CD69+ and CD103+CD69+ TRM cells, positive correlations are indicated in blue, negative correlations are 
in red. (c) Comparison of IFNγ and TNFα production between CD103+CD69+CD49a+ and CD103+CD69+ CD49a− TRM cells (d) comparison of IFNγ and TNFα production 
between CD103−CD69+CD49a+ and CD103−CD69+ CD49a− TRM cells. Statistical differences between the two groups were determined using the Mann‒Whitney U test. 
*p < 0.05.
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Figure 7. CD103+CD69+ TRM cells associate with better outcome in CRC liver metastases. (a) Summary of patient’s recurrence status (n = 26). (b) t-sne visualization of 
tissue residency biomarkers (CD69 and CD103) on CD3+CD8+ TILs (n = 26) according to recurrence status. t-sne visualization was conducted on total T cells (c) analysis of 
the expression level of different CD8+ TILs populations according to recurrence status. (d). Distribution of CD103+CD69+ levels of expression according to recurrence 
status (e) Kaplan-Meier analysis of overall survival based on high and low expression levels of CD103+CD69+ TRM cells using bulk RNAseq data. (f) Immunofluorescence 
staining of CD103 and CD8 on 52 TMA of CRC liver metastases and corresponding Kaplan-Meier analysis of overall survival based on high and low infiltration levels of 
CD103+CD69+ TRM cells (g) analysis of PD1 expression across TRM and non-TRM subsets according to recurrence status. Statistical differences between the two groups 
were determined using the Mann‒Whitney U test. Statistical significance between three paired groups was assessed using one-way ANOVA with Tukey’s multiple 
comparisons test, *p < 0.05, **p < 0.01, ***p < 0.001.
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with a lower risk of relapse (p = 0.0093) (Figure 7c). Infiltration 
by non-TRM cells was significantly associated with a higher risk 
of relapse (p = 0.0110) (Figure 7c). In line with these observa
tions, 60% of patients with high CD103+CD69+ TRM cells infil
tration didn’t relapse (Figure 7d). These results highlight the 
importance of CD103+CD69+ TRM cells presence in CRC liver 
metastases patients’ prognosis. To validate these data on the gene 
expression level, bulk RNA sequencing was conducted on 2 
independent cohorts of over 30 patients with liver metastases. 
Noteworthy, CD8+CD103+CD69+ gene signature was signifi
cantly associated with better overall survival of these patients 
(Figure 7e). Moreover, immunofluorescence conducted on 52 
TMA samples of CRC liver metastases revealed that the density 
of total CD8+ CD103+ was also significantly correlated with 
better overall survival (Figure 7f). We then investigated the 
correlation of CD103+CD69+ TRM cells with the clinicopatholo
gical features of CRC liver metastases (Table 1). Interestingly, the 

level of TRM cells infiltration doesn’t seem to be impacted by the 
classical clinicopathological features of CRC liver metastases 
such as age at diagnosis or pathological T stage nor associated 
with the total CD3 infiltration in metastases invasion margin 
(median of 1335 CD3+ vs 1394 CD3+, in TRM

high and TRM
Low 

respectively) or the tumor center (median of 197.8 CD3+ vs 173.6 
CD3+, in TRM

high and TRM
Low respectively). Altogether, these 

data show that higher CD103+CD69+ TRM infiltration seems to 
have an additive prognostic value to the conventional clinico
pathological parameters. Finally, we sought to investigate the 
existence or not of a particular subpopulation of CD103+CD69+ 

TRM cells associated with CRC liver metastases patients’ prog
nosis. Only the expression of PD-1 allowed further stratification 
of the CD103+CD69+ TRM subset associated with a lower risk of 
relapse (Figure 7g, supplementary data 1). These results showed 
that CD103+CD69+ TRM cells are heterogeneous with different 
implications for patient outcomes.

Table 1. Clinicopathological parameters of colorectal cancer liver metastases patients according to CD103+CD69+ TRM cells.

TRM CD103+CD69+ High TRM CD103+CD69+ Low

Age at diagnoses (years)
Median 
Range

66.5 
52–75

64 
53–75

Sex – n (%)
Male 
Female

5(50) 
5(50)

11 (69) 
531

Location – n (%)
Colon 
Rectum

7(70) 
330

12(75) 
425

Location – n (%)
Left 
Right

8(80) 
220

15(94) 
16

Metastatic at diagnoses – n (%)
Synchronous 
Metachronous

6(60) 
418

11(69) 
531

Pathological T stage – n (%)
T1 
T2 
T3 
T4 
NA

0 
0 

7(70) 
110 

220

0 
16 

10(63) 
425 

16

Lymph node invasion – n (%)
N0 
N1 
N2 
NA

220 

418 

220 

220

633 

531 

425 

16

Microsatellite instability – n (%)
MSI 
MSS 
Missing Value

0 
9(90) 

110

0 
12(75) 

425

RAS mutation – n (%)
Yes 
No 
NA

6(60) 
220 

220

10(63) 
425 

212

RAF mutation – n (%)
Yes 
No 
NA

110 

7(70) 
220

16 

13(81) 
213

CD3+ T cells density in metastasis invasion margin
Median (min-max) 1335 (348,6 −2315) 1394(315,6 −2621)

CD3+ T cells density in metastasis tumor center
Median (min-max) 197,8,26 09–1188) 173,6(86,30 −722,0)

Chemotherapy before resection – n (%)
Yes 
No

6(60) 
418

12(75) 
425

Chemotherapy after resection – n (%)
Yes 
No

330 

7(70)
10(63) 

634
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Discussion

Several studies have demonstrated the presence of TRM cells in 
the tumor microenvironment of several solid tumors including 
primary liver and gastric cancers.11 The presence of these cells 
was associated with improved outcome in these cancers. 
Interestingly, even though TRM cells share one common core 
residency program, recent studies investigating the mechan
isms of tissue residency establishment revealed a tissue-specific 
heterogeneity of TRM cells that dictates their function and 
properties.12 In this study, we speculated that the presence of 
TRM cells in the tumoral immune infiltrate of colorectal cancer 
liver metastases could dictate these patient’s prognosis.

In this work, using deep immunophenotyping, we estab
lished the phenotypic characteristics of CD8+ TRM cells in CRC 
liver metastases. We revealed the existence of two main TRM 
cell subsets in liver metastases: CD103+CD69+ and 
CD103−CD69+ TRM cells. These observations demonstrate 
the existence of an inter-tissue phenotypic heterogeneity of 
TRM cells. Although it has been demonstrated that liver TRM 
cells develop independently of TGF-ß signaling and therefore 
don’t express CD103,12 we found that one-quarter of the 
investigated TRM cells in colorectal liver metastases expressed 
CD103. It is tempting to speculate that TRM cells fate is dictated 
by the tumor microenvironment origin rather than the site of 
lodgment of TRM cells itself as it has been previously reported.

Recent studies revealed that 80% of tumor antigen-specific 
and 90% of neoantigen-specific TILs are TRM cells.18,19 One of 
the most described biomarkers of tumor reactivity is CD39 
expression whether it’s on TRM or non-TRM cells.16,35,36 

Therefore, we used CD39 expression on CRC liver metastases 
TRM subsets as a surrogate biomarker of tumor reactivity. 
Moreover, since PD-1 is also a well-established biomarker of 
antigen-experienced T cells,37,38 its expression was also inves
tigated. Interestingly, we noted an exclusive expression of both 
PD-1 and CD39 on the CD103+CD69+ TRM cells subset. 
Moreover, we identified a striking correlation between PD-1 
and CD39 expression on CD103+CD69+ TRM cells. TCR 
sequencing data also showed that this population is more likely 
clonally expanded compared to CD103−CD69+ TRM subset and 
non-TRM cells. These interesting findings are consistent with 
the possibility that CD8+CD103+CD69+ TRM cells represent 
the tumor-reactive T cell population in CRC liver metastases. 
They are also consistent with a previous study in early breast 
cancer showing that tumor-specific TRM cells are 
CD103+CD69+ and express CD39.17

Despite this observed phenotypic heterogeneity of TRM 
cells in CRC liver metastases, it was not associated with 
a functional heterogeneity as previously reported in other 
cancers.12,31,32 However, CRC liver metastases-derived TRM 
cells showed higher INFγ production compared to non-TRM 
cells, and CD49a+CD69+CD103+ TRM cells showed higher 
production levels of INFγ compared to CD49a+ 

CD69+CD103− TRM cells. This observation is in line with 
the findings of other studies that have demonstrated that 
TRM cells exhibit higher functional and cytotoxic capacities 
compared to non-TRM cells.12,14,33,34 Noteworthy, despite the 

high expression of PD-1 by CD103+CD69+ TRM cells, no sign 
of exhaustion was observed in vitro. since these cells showed 
high cytokine production similar to CD103−CD69+ TRM 
cells. These findings support the hypothesis that PD-1 
expression in TRM cells is a hallmark of tissue residency 
program rather than T cell exhaustion.14

The presence of TRM cells was reported to be associated with 
better patient prognosis in several cancers including gastroin
testinal ones.11,18,29 Of high importance is our finding that 
CD103+CD69+ TRM presence but not CD103−CD69+ TRM 
cells nor total CD8 infiltration is associated with better CRC 
liver metastases patients’ outcome. Our Data were further 
supported by the positive association of the transcriptional 
profile of CD103+CD69+ TRM cells with patients’ overall survi
val. These findings highlight the fact that total CD8 infiltration 
may not be sufficient in terms of the patient’s prognosis stra
tification. Although these observations need to be validated on 
a larger patient’ cohort, it’s tempting to speculate that the 
prognostic value of CD103+CD69+ TRM cells in CRC liver 
metastases outperforms total CD8 one. The same results were 
reported by a recent study conducted on triple-negative breast 
cancer; analysis of the gene expression data of the METABRIC 
consortium showed that the TRM signature had a superior 
prognostic value compared to CD8 and CD3 single gene 
expression.39 Thus, quality and not only quantity matters 
when it comes to cancer elimination. In line with this, in 
contrast to the other TRM and non-TRM subsets, 
CD103+CD69+ TRM cells displayed characteristics of tumor- 
reactive cells with the observed high expression of CD39 and 
the clonal expansion of their repertoire in CRC liver metas
tases. In line with our results, a recent single-cell analysis 
conducted on CRC liver metastases TILs showed the presence 
of a CD8+CXCL13+ population with high expression of CD103 
and CD69 associated with better patient prognosis.40

This study has certain limitations. First, these findings 
should be validated on a larger TILs cohort of CRC liver 
metastases, especially regarding the investigation of the exis
tence or not of a functional heterogeneity between TRM subsets. 
Second, it would be interesting to validate the prognostic value 
of TRM subsets on formalin-fixed tumor samples. Finally, to 
validate the tumor-reactive aspect of CD103+CD69+ TRM cells, 
the establishment of a 3D organoid model or a co-culture of 
autologous tumor cells with the expanded CD103+CD69+ TRM 
cells will help validate this observation.

In summary, our study demonstrates the existence of 
a phenotypic heterogeneity of TRM cells in CRC liver 
metastases and allows the identification of a novel subpo
pulation of CD8 TRM cells that expresses CD103 and CD69. 
This TRM subset exhibited the characteristics of tumor 
reactivity as it expresses both PD-1 and CD39 and was 
correlated with better patients’ prognosis. We conclude 
that CD103+CD69+ TRM cells infiltration is considered 
a governing factor of CRC liver metastases patients’ out
come with potential implication in optimal therapeutic 
strategies determination including immunotherapy admin
istration for these cold tumors.
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