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ABSTRACT
Nonalcoholic steatohepatitis (NASH) can lead to hepatocellular carcinoma (HCC). Although immunother
apy is used as first-line treatment for advanced HCC, the impact of NASH on anticancer immunity is only 
partially characterized. We assessed the tumor-specific T cell immune response in the context of NASH. In 
a mouse model of NASH, we observed an expansion of the CD44+CXCR6+PD-1+CD8+ T cells in the liver. 
After intra-hepatic injection of RIL-175-LV-OVA-GFP HCC cells, NASH mice had a higher percentage of 
peripheral OVA-specific CD8+ T cells than control mice, but these cells did not prevent HCC growth. In the 
tumor, the expression of PD-1 on OVA-specific CD44+CXCR6+CD8+ cells was higher in NASH mice 
suggesting lowered immune activity. Treating mice with an anti-CD122 antibody, which reduced the 
number of CXCR6+PD-1+ cells, we restored OVA-specific CD8 activity, and reduced HCC growth compared 
to untreated NASH mice. Human dataset confirmed that NASH-affected livers, NASH tissues adjacent to 
HCC and HCC in patients with NASH exhibited gene expression patterns supporting mouse observations. 
Our findings demonstrate the immune system fails to prevent HCC growth in NASH, primarily linked to 
a higher representation of CD44+CXCR6+PD-1+CD8+ T cells. Treatment with an anti-CD122 antibody 
reduces the number of these cells and prevents HCC growth.
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Introduction

Immune checkpoint inhibitors are one of the most encoura
ging treatment options for patients with hepatocellular carci
noma (HCC).1 The combined use of atezolizumab (anti-PD-L1 
antibody) and bevacizumab (VEGFA inhibitor) is now recog
nized as first-line treatment for advanced HCC.2 However, the 
type of underlying liver disease, and specifically the presence of 
metabolic-related liver disease such as nonalcoholic fatty liver 
disease (NAFLD) and nonalcoholic steatohepatitis (NASH), 
can alter the immune profile and the response to the treatment. 
This will have a major impact on treatment selection consider
ing that metabolic-related liver disease is on the way to become 
the leading cause of liver cancer in Western countries.3

Obesity, for example, has a paradoxical effect on tumors. 
Patients with a higher visceral fat area suffer more frequent 
HCC recurrence after treatment with radiofrequency ablation.4 

In parallel, cancer patients with high body mass index have 
a better overall survival after immune checkpoint inhibitor 
therapy.5–7 In more advanced liver disease, the immune 
response against tumor-associated antigens is weaker in 
NASH-driven than in virus-driven HCC.8 NASH also reduces 
the efficiency of immunotherapeutic agents, such as antitumor 
vaccine and anti-OX40, to inhibit liver tumor growth by redu
cing tumor infiltration by CD4+ T cells in a HCC mouse 
model.9 Recently, Pfister et al. have suggested that NASH limits 
antitumor surveillance in immunotherapy-treated HCC (anti- 

PD-1 antibody).10 These data highlight the importance of the 
etiology of HCC in the immune response and the efficiency of 
immunotherapies.

Activated T cells are known to be present in the liver during the 
development of metabolic liver disease even if the exact impact of 
CD4+ and CD8+ cells on the pathology is still debated.11,12 The 
discrimination between the T cells implicated in the underlying 
liver disease and the T cells directed against HCC antigens was 
usually restricted to a spatial assessment (tumor/peritumor/liver). 
To assess the cytotoxic immune response in HCC, we engineered 
an HCC cell line that expresses a non-self-antigen. This helped us 
differentiate the liver-infiltrating cells implicated in NASH and in 
the anti-HCC immune response.

Using a mouse model of NASH with HCC recurrence, we 
assessed the ability of the immune system to promote the anti- 
HCC immune response, the phenotype of the cells implicated 
in this immune response, and whether the depletion of the cells 
implicated in the underlying liver disease would improve the 
antitumor immunity. We also compared the human gene 
expression patterns of the markers identified in mice.

Materials and methods

Animal protocol

The animal research protocol was approved by the ethical 
committee at the University of Geneva and the Geneva 
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veterinary authorities (GE195/19 and GE71). All mice were 
housed in the animal facility of the University of Geneva on 
12/12-hour light/dark cycles with free access to food and 
water. C57BL/6 N were purchased from Charles River 
Laboratories (Ecully, France) and were fed a control diet 
(ND: 17% kcal fat, 61% kcal carbohydrate, 22% kcal protein; 
Envigo TD.120455) or a high fat/high sucrose diet (HFD: 
45% kcal fat, 41% kcal carbohydrate, 15% kcal protein; 
Envigo TD.08811) for 30 weeks. Mice underwent laparotomy 
and 1.5.105 RIL-175-LV-OVA-GFP or 4. 105 MC-38 cells 
were injected into the portal vein. One group of HFD-fed 
mice was injected with 100 µg of anti-CD122 antibody per 
mouse (intraperitoneal, 5H4, BioXcell) every third day start
ing on day 12 after HCC injection. The control group was 
injected with rat IgG2a. For CD8+ cells depletion, mice were 
injected with 150 µg of anti-CD8a per mouse (intraperito
neal, 53–6.7, BioXcell) every third day starting on day 12 
after HCC injection. For macrophages and dendritic cells 
depletion, HFD-fed mice were injected with clodronate lipo
somes (intraperitoneal, Liposoma) every four days starting 
on day 8 after HCC injection. PBS liposomes were injected 
as control.

Cell engineering

HCC cell line RIL-175 (gift from Prof. Tim Greten) was 
transduced with LV-EF-cOVA-IRES-GFP lentivirus. A LV- 
EF-cOVA-IRES-GFP lentivirus was constructed through 
insertion of the cytoplasmic ovalbumin (OVA) fragment 
(from pCI-neo-cOVA, gift from Dr. Maria Castro 
(Addgene plasmid #25097)) into pLOX-EW-iresGFP. 
A three-plasmid expression system was used to 
generate second-generation lentiviral vectors by transient 
transfection of 293 T cells (Lenti-X packaging Single Shots 
(VSV-G, Takara cat# 631275). The transfection allowed con
stitutive cytoplasmic expression of the 143–383 OVA frag
ment and GFP.

Liver isolation

The hepatic non-parenchymal cells were isolated as pre
viously described13 . Briefly, the supra-hepatic inferior 
vena cava was cannulated, and the liver was perfused in 
a retrograde fashion with a wash solution (HBSS, EGTA 
0.5 mM, HEPES 25 mM, penicillin-streptomycin 1 μg/ml, 
glucose 0.1% and heparin 5 U/ml). Next, liver digestion was 
performed for 5 min (5 ml/min, 37°C, IMDM, Collagenase 
IV, Worthington at 0.5 mg/ml, and DNAse I, Roche at 
0.1 mg/ml). Digested livers were filtered on a 70 µm 
nylon cell strainer. Hepatocytes were discarded after two 
5-min centrifugations at 68 g, 4°C. Liver cell-rich fraction 
was separated by density gradient centrifugation (1400 g, 
slow acceleration nor brake) on OptiPrep 17.4%-8.2% 
(Sigma).

Flow cytometry

The liver cells were incubated with Fc-blocking reagent 
(TrueStain, Biolegend) for 5 min, incubated with APC- 

SIINFEKL-H-2Kb dextramers (Immunotools) for 10 min and 
then stained with the appropriate antibodies detailed in the 
supplementary files. For the assessment of the MHC class 
I molecule Kb bound to the ovalbumin peptide SIINFEKL, RIL- 
175-LV-OVA-GFP or RIL-175-LV-GFP cells were left untreated 
or incubated overnight with 250 ng/ml γIFN (Peprotec) and then 
labeled with the APC anti-SIINFEKL-H2Kb antibody (clone 25- 
D1.16). The samples were processed with an Attune NxT 
Cytometer (ThermoScientific) and analyzed with FloJo 
(Treestar). Results of FACS analysis are presented as the percen
tage of a population or as mean fluorescence index (MFI).

Antigen-specific proliferation assay

1 × 104 RIL-175-LV-OVA-GFP or RIL-175-LV-GFP cells were 
left untreated or incubated overnight with 250 ng/ml γIFN 
(Peprotec). Lymph nodes and spleen cells were sorted, labeled 
with CFSE and incubated at different effector/target ratio with 
RIL-175 cells for 48 hours.

MRI

Formalin-fixed tumors-bearing livers that were not used for 
liver cell isolation were assessed by micro-MRI (Nanoscan 3 T, 
RS2D, Mundolsheim, France) with a birdcage coil of 3.5-cm 
diameter. After automatic adjustment of the B0 homogeneity, 
T1w and T2w images were acquired. MRI images were loaded 
to OsiriX DICOM Viewer and tumors’ contours were manually 
marked on each slide. Volumes were then calculated using the 
inbuilt application.

Gene expression

After total RNA (cells sorted using BD FACSAria cell sorter or 
liver tissue) extraction (Promega), cDNA was synthesized by 
extending a mix of random primers with the High Capacity 
cDNA Reverse Transcription Kit in the presence of RNAase 
Inhibitor (Applied Biosystems). The relative quantity of each 
transcript was normalized to the expression of EEF1, HPRT 
and GAPDH. SYBR Green reagent was used for real-time PCR 
on the ABI Prism 7000 sequence detection system (Applied 
Biosystems) according to the manufacturer’s instructions. 
Primer sequences are provided in the supplementary files.

Mouse and human expression datasets

The whole genome expression data used in this study are 
available under the accession numbers GSE113508 and 
GSE164760. Immune score assessment was performed as 
described by Yoshihara et al. using R (version 4.0.4, 
R Foundation for Statistical Computing, Vienna, Austria). 
HCC samples were considered to have a high immune score 
when the score was higher than the maximum value of the 
healthy control. None of the genes analyzed in this study were 
included in the calculation of the immune score.
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Statistical analysis

Statistical analyses were performed using Prism 9 (GraphPad 
Software Inc., La Jolla, California, US). Data are expressed as 
median ± interquartile range (IQR) and were compared using 
the nonparametric test (Mann-Whitney) unless specified 
otherwise.

Results

NASH livers host CXCR6+ PD-1+ CD8+ cell subset

After 35 weeks of high-fat diet (HFD), C57BL/6 N mice were 
obese (Figure 1a, 45.6 vs 52.9 g) and developed severe steatosis 
and limited inflammation (Figure 1b, NAS 0 vs 6). We 
observed a decrease in the CD4+ T cells (12.5 vs 8.9%) and an 
increase in CD8+ T cells (8.03 vs 16.75%) in the livers of the 
NASH mice (Figure 1c). The selective apoptosis of CD4+ 

T cells in livers with steatohepatitis has been previously 
described and is linked to HCC carcinogenesis.14

In addition to being over represented in the liver of HFD- 
fed mice, CD8+ T cells had an activated phenotype with expres
sion of CD44, and expressed more CXCR6 (Figure 1d). 
CXCR6+ CD8+ T cells have been shown to be auto-aggressive 
T cells implicated in the pathology of NASH in a mouse 
model.15 CD44+ CXCR6+ CD8+ T cells were elevated in the 
livers of HFD-fed mice (Figure 1e, 23.45 vs 49.2%). This cell 
subset expressed more PD-1 in HFD-fed compared to ND-fed 
mice (Figure 1f right, MFI 903 vs 1175). No difference was 
observed in the expression of other activation markers and co- 
stimulation molecules (Figure 1f, left and data not shown). 
Surprisingly, the CD44+ CXCR6+ CD4+ cell subset was more 
represented in the livers of ND-fed compared to HFD-fed mice 
(Figure 1e, 74.35 vs 41.1%).

CXCL16-expressing myeloid cells are more represented in 
the livers of HFD-fed mice

CXCR6 binds exclusively to its ligand CXCL16.16 The expres
sion of CXCL16 in the livers of HFD-fed mice correlated with 
the expression of CD8, indicating that this chemokine may 
directly attract CXCR6-expressing cells (Figure 2a, r2 = 0.694).

In addition to hepatocytes, liver sinusoidal endothelial cells 
(LSECs) and liver macrophages (Küpffer cells), the livers of 
HFD-fed mice hosted various subsets of myeloid cells 
(Figure 2b). Specifically, dendritic cells (CD11b+ CD11c+ 

CX3CR1+ MHC-II+ Gr1−, 3.6% in ND vs 9.5% in HFD), 
monocytes (CD11b+ CD11c+ CX3CR1+ MHC-II−, 3.1% in 
ND vs 5.1% in HFD) and monocytic myeloid-derived suppres
sor cells (MDSCs) (CD11b+ Gr1+Ly6G−, 4.1% in ND vs 8.4% in 
HFD) were more represented in the liver of HFD-fed com
pared to ND-fed mice (Figure 2c, d). LSECs, macrophages and 
dendritic cells were the cell populations that expressed the 
highest levels of CXCL16 in HFD-fed mice (Figure 2b, 2.66 
vs 3.18 vs 4.53 fold increase compared to hepatocytes). Of note, 
LSECs from ND- and HFD-fed mice expressed a similar level 
of CXCL16 (Supplementary Figure A) suggesting that the 
migration of CXCR6+ cells is promoted mainly by macro
phages or invading myeloid cells such as dendritic cells and 
MDSCs, via their increased production of CXCL16.

Tumor antigen-specific T cells increase in circulating CD8+ 

T cells from HFD-fed mice

In order to assess whether the underlying liver steatosis and 
inflammation altered the T-cell immune response against 
tumor antigens, we engineered an HCC cell line (RIL-175) 
expressing a non-self antigen, a fragment of the ovalbumin 
protein (OVA 143–386) including the two MHC-restricted 
epitopes OVA 323–339 (ISQAVHAAHAEINEAGR) and 
OVA 257–264 (SIINFEKL). As many tumor cell lines, the 
RIL-175-LV-OVA-GFP only express H-2Kb and the 
SIINFEKL-H2Kb complex is detectable at the cell membrane 
following incubation with γIFN (Figure 3a). The RIL-175-LV- 
OVA-GFP promoted the proliferation of CD8+ T cells isolated 
from OT-I mice with or without pre-incubation with γIFN 
(Figure 3b).

In order to mimic HCC recurrence, RIL-175-LV-OVA-GFP 
were injected into the portal vein of ND- and HFD-fed mice. 
14 days later, peripheral blood mononuclear cells (PBMCs) 
were analyzed. CD8+ T cells were less represented in the 
blood of HFD-fed mice compared to ND-fed mice and 
decreased further after HCC developed (Figure 3c, 6.79 vs 
9.65%). The decrease in CD8+ cells was associated with an 
increase of the Gr1+ cell population in HFD-fed mice after 
HCC developed (Figure 3d and Supplementary Figure B, 
27.6% vs 33.4%). Using SIINFEKL-H-2Kb dextramers, we 
were able to determine the amount of tumor-specific CD8+ 

T cells in PBMCs. Surprisingly, despite a lower percentage of 
CD8+ T cells, HFD-fed mice developed a higher percentage of 
SIINFEKL-specific CD8+ T cells (dextramers+ cells) detectable 
in PBMCs (Figure 3e, 3.6% vs 8.3%). The expression of CD69 
was higher in the entire CD8+ T cells population of HFD-fed 
mice but the SIINFEKL-specific CD8+ T cells expressed 
a similar level of CD69 both in ND- and HFD-fed mice 
(Figure 3f, MFI 647 vs 613).

Tumor burden increased in HFD-fed mice

Three weeks after the RIL-175-LV-OVA-GFP injection, tumor 
burden was assessed. As demonstrated previously, the injured 
liver is more prone to HCC recurrence and tumor 
growth.7,17,18 In our model of steatohepatitis, tumor burden 
was increased in the liver of HFD-fed mice compared to ND- 
fed mice (Figure 4a-b, 1603 mm3 vs 620 mm3). The SIINFEKL- 
specific CD8+ T cells detectable in PBMCs were not able to 
modulate the tumor burden in HFD-fed mice. The immune 
cell composition of tumors and of the peritumoral livers were 
comparable to the compositions before HCC implantation, 
with a high presence of MDSCs, especially monocytic MDSCs 
(Figure 4c, 2.45% in ND vs 7.74% in HFD).

The underlying liver disease emphasize the exhaustion 
phenotype of tumor-specific cytotoxic T cells

The differences observed in the T cell subsets between HCC- 
bearing livers from ND- and HFD-fed mice were diminished 
(Figure 5a, 8.8% of CD4+ cells in ND vs 6.5% in HFD and 5.7% 
of CD8+ cells in ND vs 10.5% in HFD). CD8+ cells remained 
increased in the livers of HFD-fed mice but the presence of 
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tumor abolished the increase of CD44+ CXCR6+ cell subset 
previously observed in the CD8+ cell population (Figure 5b).

In order to assess the phenotype of the tumor-specific 
T cells, we analyzed the SIINFEKL-specific CD8+ T cells in 
the tumor and in the adjacent liver parenchyma (Figure 5c). 
We found no differences in the percentage of SIINFEKL- 

specific CD8+ T cells (dextramers+ cells) in ND- and HFD- 
fed mice (Figure 5d, 12.3% vs 13.3%). Nearly all of the CD8+ 

dextramers+ cells were in the CD44+ CXCR6+ cell subset in 
both ND- and HFD-fed mice, meaning that both normal and 
steatotic livers were able to promote an antigen-specific 
immune response (Figure 5e, 87.8% vs 81.7%). However, the 

Figure 1. NASH altered T cells phenotype. A. Weight of C57BL/6 N mice following 30 weeks of HFD. B. Representative histology of liver of ND and HFD-fed mice at 
35 weeks and assessment of NAFLD Activity Score. C. Representation of CD4 T cells and CD8 T cells in the liver of ND and HFD-fed mice. D. Phenotype of CD4 T cells and 
CD8 T cells isolated from livers of ND and HFD-fed mice. CD44+ CXCR6+ cells and their expression of PD-1 were assessed. E. Percentage of CD44+ CXCR6+ cells in the CD4 
and CD8 T cell population in ND and HFD-fed mice. F. Expression level of CD69 (left) and CD279 (PD-1) in the CXCR6− and CXCR6+ CD8 T cells subsets. A: n = 6 per group; 
B: n = 6 (ND) and n = 9 (HFD); C-F: n = 4 per group. Results are expressed as median and IQR.
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CD8+ dextramers+ cells from the livers of HFD-fed mice 
expressed a higher level of PD-1, suggesting a lower immune 
activity (Figure 5c and f, MFI 12605 vs. 16083). These results 
were confirmed using the GSE113508 dataset where the gene 
expression was evaluated in colorectal cancer injected into 
healthy or fatty livers.19 Colorectal cancer implanted into 
fatty livers had an increased expression of CXCL16, CXCR6, 
PD-L1 and PD-1 (Supplementary Figure C). Macrophages and 
dendritic cells are among the main producers of CXCL16. In 
order to assess their role in the migration of CD8+ CXCR6 

+ cells, we depleted them with clodronate liposomes. However, 
while we achieved a successful depletion of macrophages 
(0.65% vs 7.97%) and dendritic cells (1.57% vs 9.33%), the 
migration of CD8+ CXCR6+ cells remained with no measur
able change (12% vs 14.37 in total CD8+ CXCR6+ cells and 
1.60% vs 1.79% in dextramers+ CXCR6+ cells). This observa
tion suggest that macrophages and dendritic cells are not the 
only mediators for CXCR6-expressing cell migration into the 
liver. Interestingly, the depletion of macrophages and dendritic 
cells correlated with a decreased expression of PD-1 and 

Figure 2. CXCL16-expressing myeloid cells are presented in NASH livers. A. Correlation between CXCL16 gene expression level and CD8 gene expression level in the liver of 
HFD-fed mice. B. Expression level of CXCL16 in sorted liver cell subsets from HFD-fed mice: hepatocytes, LSEC, macrophages, monocytes dendritic cells and MDSC. 
Results are expressed as 2-ΔΔCt compared to hepatocytes. C. Representative gating strategy. D. Percentage of myeloid cells such as dendritic cells, monocytes and 
MDSCs in the liver of ND and HFD-fed mice. E. Representation of granulocytic and monocytic cell subsets in the MDSCs population in ND and HFD-fed mice. A: n = 9; B: 
n = 3 per group; D-E n = 4 per group. Results are expressed as median and IQR.
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CD366 (Tim-3) both on CD8+ CXCR6+ cells and CD8+ dex
tramers+ cells (Supplementary Figure D).

Anti-CD122 treatment restores tumor-specific CD8+ T cells 
activity and decreases tumor burden

It has been suggested that the liver microenvironment in 
NASH limits the beneficial effect of immunotherapy (anti-PD 
-1) through the increase of CD8+ CXCR6+ PD-1+ cells.10 This 
cell subset is also known to promote NASH lesions and that 

CXCR6+ PD-1high CD8+ T cells originate from CD122- 
expressing T cells.15 Anti-CD122 treatment reduced CXCR6+ 

CD8+ T cells expressing a high level of PD-1 and restored 
hepatic function in NASH.15 We assessed whether this treat
ment is also able to promote antitumor immunity through the 
depletion of CD8+ CXCR6+ PD-1+ cells in HFD-fed mice 
with HCC.

Three days after the first anti-CD122 injection, CD8+ cells 
were increased in the blood of HFD-fed mice compared to 
untreated HFD-fed mice (Figure 6a, 8.5% in treated HFD vs 

Figure 3. Construction of the HCC cell line RIL-175-LV-OVA-GFP and assessment of the OVA-specific immune response. A. Incubation with γIFN potentiated the expression of 
MHC-I and the presentation of the SIINFEKL on H2Kb MHC-I in RIL-175-LV-OVA-GFP cells. B. Percentage of proliferation of CD8 T cells from OT-I mice after incubation 
with RIL-175-LV-OVA-GFP or RIL-175-LV-GFP cells with or without γIFN. C. Assessment of CD8 T cells in the PBMC of ND and HFD-fed mice before and after intraportal 
injection of RIL-175-LV-OVA-GFP HCC cells. D. Assessment of Gr1+ cells in the PBMC of ND and HFD-fed mice before and after intraportal injection of RIL-175-LV-OVA- 
GFP HCC cells. E. Representation of SIINFEKL-specific CD8 T cells (dextramers+ cells) in the CD8 T cells from PBMC of ND and HFD-fed mice. F. Expression level of CD69 in 
the CD8 T cells and in the SIINFEKL-specific CD8 T cells (dextramers+ cells) from the PBMC of ND and HFD fed mice. C: n = 8 (ND before), n = 11 (HFD before), n = 11 (ND) 
and n = 11 (HFD); E-F: n = 11 per group. Results are expressed as median and IQR.
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6.0% in HFD). The percentage of SIINFEKL-specific CD8+ 

T cells remained stable (dextramer+) (Figure 6b, 7.5% in trea
ted HFD vs 8.1% in HFD). Anti-CD122-treated mice had fewer 
tumor nodules in the liver (Figure 6c, 2 in ND vs 11.5 in HFD 
vs 4.5 in treated HFD). The HCC nodules also had a tendency 
to be smaller in treated HFD-fed mice compared to untreated 
HFD-fed mice (Figure 6d). This effect was CD8 + T cells- 
specific, as the CD8-depleted anti-CD122-treated mice devel
oped a similar amount of tumor nodules as the CD8-depleted 
mice, and both groups showed an increased tumor burden 
compared to non CD8-depleted mice (Figure 6e, 30 in CD8- 
depleted HFD vs 26.5 in CD8-depleted treated HFD). Similar 
amounts of CD44+ CXCR6+ CD8+ cells were present in ND-, 
HFD- and treated HFD-fed mice but the percentage of 
SIINFEKL-specific CD8+ T cells (dextramer+) increased in 
mice injected with the antibody (figure 6f, 0.77% in ND vs 
1.49% in HFD vs 2.21% in treated HFD). These tumor-specific 
CD8+ T cells had reduced expression of PD-1 compared to cells 
from untreated HFD-fed mice suggesting that the antitumor 
activity was restored (Figure 6g, MFI 12605 in ND vs 16406 in 
HFD vs 19492 in treated HFD). The injection of anti-CD122 
was tested in the model of colon adenocarcinoma MC-38 cells 
injected in the liver of HFD-fed mice. The treated HFD-fed 
mice developed less tumor nodules than the HFD-fed mice. 
However, this did not reach the significance as many mice did 
not develop tumors (Supplementary Figure G).

NASH livers and HCC in patients with NASH develop 
a similar immune signature

We next sought to validate our findings in a human cohort. 
The GSE164760 dataset contains expression data from liver 
biopsies of NASH, NASH adjacent to HCC and HCC asso
ciated with NASH. In human, nearly 30% of HCCs present 
markers of an inflammatory response (Immune Class) asso
ciated with better survival.20 In HCC with etiologies other than 
NASH, the intratumoral immune profile differs from the sur
rounding non-tumoral liver.20 In human, Immune Class of 
HCC could correspond to the phenotype of the underlying 
liver disease. An immune enrichment score, described by 
Yoshihara et al., was applied on the studied HCC samples, 
allowing to discriminate between low and high immune score 
samples.21 As previously reported, 35% (19/53) of NASH- 
driven HCCs were considered to have “high immune score” 
(Supplementary Figure H). Similarly to what was observed in 
the mouse model, CD4 expression was lower in NASH tissue 
adjacent to HCC and HCC itself compared to the healthy liver 
(Figure 7 and Supplementary Figure H). The probe sets used to 
analyze the gene expression allowed a specific detection of two 
mRNA splice variants of the CD8B gene. The variant M-1, 
which is more expressed in naïve CD8+ T cells, was decreased 
in all groups compared to healthy controls.22 In contrast, the 
mRNA M-4 variant, known to be more expressed in effector 
memory T cells, had higher expression levels in NASH liver 
adjacent to HCC and in HCC with high immune score 
(Figure 7). We next investigated the expression patterns of 
genes associated with the phenotype we observed in mice. As 
in the mouse model, CXCL16 expression was increased in 
NASH-affected livers, NASH-affected livers adjacent to HCC 
and HCC with a high immune score compared to healthy livers 
(Figure 7, 433 vs 613 vs 710 vs 768). The expression of CD44 
and CXCR6 tended to be higher in livers with NASH without 
reaching statistical significance, but their expression was sig
nificantly increased in NASH livers adjacent to HCC and in 
HCC with high immune score (Figure 7). These results indicate 
that CXCR6-expressing effector CD8+ T cells attracted to the 
liver via CXCL16 are implicated in NASH and HCC. We also 
tested the expression of the PD-1 gene PDCD1 but we found 
no difference in expression between the groups with none of 
the probe sets referenced for this gene.

Discussion

Our results demonstrate that mice with steatohepatitis do not 
impede a cytotoxic tumor-specific immune response with 
tumor-specific CD8+ T cells, which are detectable in the 
blood and in the peritumoral tissue. However, the disturbed 
liver microenvironment alters the activity of these CD44+ 

CXCR6+ CD8+ cells resulting in enhanced tumor growth.
Our results confirmed in part what was observed by 

J. McVey et al., in a methionine choline deficient mouse 
model with antigen-presenting HCC cells.23 They demon
strated that NAFLD mice have no inhibition on the generation 
of tumor antigen-specific CD8 + T cells, but found no increase 
in the PD-1 expression between normal and NAFLD livers. 
Our observed increase in PD-1 expression can be explained by 

Figure 4. Tumor burden increased in mice with NASH. A. Tumor growth was 
macroscopically assessed with a score from 0 to 4 (0 = no tumor, 1 = less than 
5 small nodules (<2 mm), 2 = more than 5 small nodules (<2 mm) or one medium 
nodule (>2 mm – <5 mm), 3 = more than 1 medium nodule, 4 = complete liver 
invasion). B. MRI assessment of total tumor volume on formol-fixed livers from ND 
and HFD-fed mice. C. Representation of myeloid cells subsets in the peritumoral 
liver from ND and HFD- mice. A: n = 13 (ND) and n = 12 (HFD); B: n = 7 (ND) and 
n = 6 (HFD); C: n = 5 per group. Results are expressed as median and IQR.
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a different experimental setup (HCC cell line, diet, tumor cell 
isolation) but also by the fact they did not focus on CD44+ 

CXCR6+ cells, which are the PD-1-expressing cell subset . This 
study also highlighted the role of macrophages, which impede 
for the antigen-specific anti-tumor immunity in the disturbed 
hepatic environment.

The infiltration of myeloid cells in the HCC predicts the 
prognosis of the disease.24 However, it has always been 
ambiguous whether this increase is a cause or 
a consequence of tumor growth. In our model, NASH led 
to an increase in dendritic cells, macrophages and mono
cytic MDSCs in the liver, with no further contribution from 
the tumor. CXCL16 has been shown to be produced by 

different cell types: LSECs,25 hepatocytes and 
macrophages,26 dendritic cells27 and monocytic MDSCs.28 

In our experiments, mainly dendritic cells and macrophages 
produced CXCL16 and its secretion attracted CXCR6 CD8+ 

T cells into the liver and into the tumor. The CXCL16- 
CXCR6 axis explains the attraction of CXCR6-expressing 
cells into the liver but not their altered phenotype. The 
liver NASH microenvironment by itself can be responsible 
for the alteration. For example, the lack of response to anti- 
PD-1 treatment in NASH has been related the migration of 
CXCR2-expressing neutrophil with a protumour 
phenotype.29 Liver CD8 + T cells from a mouse model of 
NASH with HCC have an impaired mitochondrial fitness 

Figure 5. Tumor-specific CD8 T cells had an altered phenotype in NASH mice. A. Representation of CD4 T cells and CD8 T cells in the liver of HCC-bearing ND and HFD-fed 
mice. B. Percentage of CD44+ CXCR6+ cells in the CD4 and CD8 T cell population in HCC-bearing ND and HFD-fed mice. C. Phenotype of CD8 T cells and SIINFEKL-specific 
CD8 T cells (dextramers+ cells) from the liver of HCC-bearing mice. D. Percentage of SIINFEKL-specific CD8 T cells (dextramers+ cells) in the CD8 T cells from the liver of 
ND and HFD-fed mice. E. Percentage of CD44+ CXCR6+ in SIINFEKL-specific CD8 T cells (dextramers+ cells) from the liver of HCC bearing ND and HFD-fed mice. 
F. Expression level of CD279 (PD-1) on SIINFEKL-specific CD8 T cells (dextramers+ cells) from the liver of HCC bearing ND and HFD-fed mice. A-F: n = 5 (ND), n = 4 (HFD). 
Results are expressed as median and IQR.
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and a decreased motility. This phenotype has been shown to 
be rescued by a metformin treatment.30 CD4+ T cells are 
also implicated in the development of NAFLD at the begin
ning of the disease.31 However the progression of NASH 
and the accumulation of toxic lipids lead to the depletion of 
CD4+ T cells that disturb the immune surveillance against 
HCC.9,14 Our data supports the depletion model and the 
lack of helper T cells could be implicated in the altered 
phenotype of CD8+ T cells.

In a recent study assessing the molecular characteristics of 
HCC in patients with NASH, NASH-HCC showed a higher 
prevalence of an immunosuppressive carcinogenic cancer field 
with signatures of responses to anti-PD-1 therapies in non- 
cirrhotic NASH-HCC.32 We found higher expression of PD-1 
in tumor-specific T cells. Currently, NASH-driven HCC would 
be considered a candidate for immune checkpoint therapy. 
However, NASH-driven HCC might be less responsive to anti- 
PD-1 treatment, probably owing to the dysregulated NASH- 

Figure 6. Anti-CD122 antibodies injection restored tumor-specific T cells phenotype. A. Representation of CD8 T cells in the PBMC of HCC-bearing mice. B. Percentage of 
SIINFEKL-specific CD8 T cells (dextramers+ cells) in the CD8 T cells from the PBMC of HCC-bearing mice. C. Assessment of the number of HCC nodules on the liver of 
mice. D. Assessment of the number and the size of the nodules on the liver of mice. Light gray = nodules< 1 mm, dark gray = nodules >1 mm and <3 mm; black = 
nodules >3 mm. E. Assessment of the number of HCC nodules on the liver of mice. F. Percentage of SIINFEKL-specific CD8 T cells (dextramers+ cells) in PBMC of HCC- 
bearing mice. G. Expression level of CD279 (PD-1) on SIINFEKL-specific CD8 T cells (dextramers+ cells) in the liver of HCC-bearing mice . A-G: n = 5 (ND), n = 4 (HFD,HFD 
+ anti-CD122, HFD + anti-CD(and HFD + anti-CD8 + anti-CD122). Results are expressed as median and IQR.
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specific T cell activation causing tissue damage.10 In accor
dance with what is suggested in the literature, the results 
from the gene expression datasets both in mice and human 
indicate that the immune response against liver cancer is at 
least partially linked to the underlying parenchyma.32

In our experiments, the depletion of the precursors of 
CXCR6+ PD-1high CD8+ T cells via the anti-CD122 antibody 
treatment increased the tumor-specific T cells and restored 
lower expression of PD-1. This was associated with 
a decreased tumor burden in anti-CD122-treated animals. Of 
note, anti-CD122 treatment had no effect on hepatic enzymes 
(Supplementary Figure E).

The observed decrease in HCC growth may be the conse
quence of the restoration of the activity of tumor-specific CD8+ 

T cells but it cannot be excluded that the anti-CD122 antibody 
acted on the tumor through other mechanisms. In a mouse 
model of melanoma, targeting CD122 enhanced the inflamma
tory cytokine production from CD8+ cells and the antitumor 
immunity.33 CD122 was also demonstrated to be present on 
CD8+ regulatory T cells in HCC and the depletion of these cells 
lead to an increase antitumor immunity.34

Our study had some limitations, as we assessed a strong 
antigenic immune response far from the tumor-associated 
antigens. The sequences of epitopes and the levels of antigens 
play a crucial role in the development of the hepatic immune 
response.8,35 However, we were able to detect T cells with an 
exhausted phenotype and the tolerogenicity of ovalbumin in 
the context of liver immunity has been described in previous 
studies.35,36 Another limitation was the use of the HCC 

recurrence model, where the implantation of high number of 
cells is different of what is observed during carcinogenesis. The 
targeting of CD122, also known as IL-2Rb or IL-15Rb, in 
cancer treatment should be considered cautiously and limited 
to the case of underlying inflammatory liver diseases. The 
signaling through CD122 as a component of the high-affinity 
IL-15 receptor is critical for costimulation-independent mem
ory CD8+ T cell recall.37 The clinical use of anti-CD122 in the 
case of tumors requiring the promotion of antigen-specific 
T cell response is challenging and would require more investi
gations. Altogether, the presented data reinforce the hypothesis 
that NASH alters the antitumor cytotoxic immune response 
through CD44+ CXCR6+ CD8+ T cells with high expression of 
PD-1. The antitumor response may be restored through the 
depletion of these cells with an anti-CD122 antibody, without 
worsening the underlying NASH disease.
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