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ABSTRACT
Objective It remains controversial whether tumour 
mutational burden (TMB) or neoantigens are prognostic 
markers in hepatocellular carcinoma (HCC). This study 
aimed to define the function of TMB or neoantigens in 
antitumour immunotherapy.
Design Neoantigens of patients (n=56) were 
analysed by pVAC tools with major histocompatibility 
complex-1 (MHC- I) algorithms based on whole exome 
sequencing and neoantigens with mutant type IC50 
<50 nM were defined as high- affinity neoantigens 
(HANs). Patients were segregated into HAN- high/low 
groups by median of HAN value, and overall survival 
(OS) was analysed. Autologous organoid killing model 
was developed to clarify the antitumour activity of 
HANs.
Results The value of HAN showed a better correlation 
with OS (p=0.0199) than TMB (p=0.7505) or 
neoantigens (p=0.2297) in patients with HCC and 
positively correlated with the frequency of CD39+CD8+ 
tumour infiltrating lymphocytes (TILs). Furthermore, HAN- 
specific CD8+ T cells were identified in CD39+CD8+ TILs, 
which showed better antitumour activity in HAN- high 
versus HAN- low group. In addition, more effective HAN 
peptides were identified in HAN- high versus HAN- low 
group. Besides, flow cytometry data showed that in fresh 
tumour, CD39+PD-1intCD8+ TILs displayed an effector 
phenotype and stronger antitumour activity in HAN- 
high versus HAN- low group. More importantly, patients 
in HAN- high versus HAN- low group showed a better 
prognosis after anti- PD-1 therapy.
Conclusions Our study first demonstrates that 
HAN value positively correlates with better OS in 
patients with HCC. HANs trigger antitumour activity 
by activating tumour- reactive CD39+CD8+ T cells, 
and patients in HAN- high group benefited more 
from anti- PD-1 therapy than HAN- low group. These 
findings may provide a novel strategy for personalised 
antitumour therapies for HCC.

INTRODUCTION
Hepatocellular carcinoma (HCC) accounts for 
nearly 90% of primary cancers and malignant 
tumours of the liver and is the second leading cause 
of death worldwide.1At present, there has been 
no satisfactory effective indicators for prognosis 

of HCC treatment. Recently, tumour mutational 
burden (TMB) is considered as a biomarker to 
predict the therapeutic effect of prognosis in some 

Significance of this study

What is already known on this subject?
 ► Neoantigens are products of somatic non- 
synonymous mutations of tumour gene, which 
can be presented by antigen- presenting cells to 
elicit antigen- specific T cell response.

 ► It remains controversial whether neoantigens 
could be implied as the predictive marker 
of efficacy of prognosis in hepatocellular 
carcinoma (HCC).

 ► CD39 is a novel biomarker to distinguish 
tumour- specific CD8+ T cells from bystander 
CD8+ T cells.

What are the new findings?
 ► The value of high- affinity neoantigen (HAN), 
but not tumour mutational burden or 
neoantigen, correlated with better overall 
survival and the frequency of CD39+CD8+ 
tumour infiltrating lymphocytes (TILs) in HCC.

 ► HAN- specific CD8+ T cells were identified 
in CD39+CD8+ TILs, which showed better 
antitumour activity in HAN- high versus HAN- 
low group, and more effective HAN peptides 
were identified in HAN- high group.

 ► CD39+PD-1intCD8+ TILs displayed an effector T 
cell phenotype and stronger antitumour activity 
in HAN- high versus HAN- low group.

 ► Patients in HAN- high versus HAN- low group 
showed a better clinical outcome after anti- 
PD-1 therapy.

How might it impact on clinical practice in the 
foreseeable future?

 ► The identification of HANs responsible for 
personalised antitumour therapies and 
characterisation of their role in this process 
may help us to elucidate mechanisms of 
rejection and to identify prognostic markers and 
screen suitable patients with HCC for anti- PD-1 
therapy.
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cancers.2 3 However, the value of TMB is low in patients with 
HCC, and no significant correlation has been found between 
TMB and prognosis.4–6 Therefore, the predictive value of TMB 
in HCC is uncertain.

Neoantigens are products of somatic non- synonymous muta-
tions of tumour genes, which can be recognised and presented 
by antigen- presenting cells (APCs) to elicit antigen- specific T cell 
response.7 Based on Whole exon sequencing (WES), prediction 
algorithms for major histocompatibility complex-1 (MHC- I) 
peptide binding affinity have been used to filter out thousands of 
personalised neoantigens for individual patients.8 However, only 
a few of candidate neoantigens can efficiently activate T cell anti-
tumour immune response. Therefore, some studies focused on 
improving the neoantigen screening so as to narrow the scope. 
For example, Rosenberg et al identified top 2% of epitopes that 
comprise peptides with high binding affinity in 10 patients with 
gastrointestinal tumours.9 On this basis, some studies reported 
that patients can reacquire substantial complete response by injec-
tion of the candidate high MHC- I binding affinity neoantigen- 
loaded dendritic cells (DC) peptides in metastatic thymoma.10 
In addition, transfer of candidate neoantigen- activated specific 
autologous T cells has shown impressive efficiency in achieving 
the durable regression of metastatic breast cancer, colon cancer, 
bile duct cancer and so on.9 11 12 However, whether high- affinity 
neoantigens (HANs) could trigger antitumour activity of patients 
with HCC remains unknown.

CD8+ T cells plays an important role of specifically recognising 
and killing tumour cells via releasing cytotoxic molecules in anti-
tumour immune response, whereas only part of CD8+ tumour 
infiltrating lymphocytes (TILs) can recognise tumour- specific 
neoantigen and achieve targeted killing. Recently, increasing 
evidence has shown that CD39 is a marker of tumour- specific 
T cells,13–15 though it was considered to be a biomarker of 
exhausted T cells in some studies. They found that CD39+CD8+ 
T cells had stronger antitumour ability than CD39−CD8+ T cells 
in six different malignant tumour types.14 CD39 was identified 
as a biomarker to distinguish tumour- specific CD8+ T cells from 
bystander CD8+ T cells.16 However, whether CD39 is associated 
with neoantigen- specific CD8+ T cells that mediate antitumour 
immune response in the HCC needs to be studied.

Here, we found that the value of HAN showed a stronger 
correlation with better overall survival (OS) than TMB or neoan-
tigens did in patients with HCC, and it was positively correlated 
with the frequency of CD39+CD8+ TILs. More tumour- specific 
peptides were identified in HAN- high group than those in HAN- 
low group, which could activate tumour- reactive CD39+CD8+ 
T cells. Therefore, our study revealed the antitumour activity of 
HANs in patients with HCC, providing new insights regarding 
prognosis prediction and personalised HAN immunotherapy in 
HCC.

MATERIALS AND METHODS
From 2017 to 2020, needle biopsies and blood samplings were 
taken from a cohort of 56 patients with HCC in The First Affili-
ated Hospital of Sun Yat- sen University. No treatment was taken 
when needle biopsies was collected. The detailed patients’ data 
including future treatments were shown in online supplemental 
table 1). The project was approved with the patient’s informed 
consent and ethical approval (2018 [43]).

WES-sequence and neoantigen identification
Collected tumour and blood samples were sent to GenomiCare 
Biotechnology (Shanghai), Shanghai 201210, China for targeted 

next generation sequencing analysis. The exome DNA was 
captured using the SureSelect Human All Exon V7 kit (#5991- 
9039EN Agilent USA), prepared to library using SureSelectXT 
Low Input Target Enrichment and Library Preparation system 
(#G9703-90000 Agilent USA) and sequenced on an Illumina 
NovaSeq-6000 sequencer (Illumina, San Diego, California, USA) 
to generate 150×150 bp paired end reads. Image analysis and 
base calling was done using onboard RT3 software (Illumina, 
San Diego, California, USA). Somatic single- nucleotide vari-
ants, Indel and copy number variation (CNV) were determined 
using the MuTect/ANNOVAR/dbNSFP31, VarscanIndel and 
CNVnator software. TMB calculation was based on the protocol 
of Fondational Medicine.17 Based on its detection protocol 
of Bayesian methodology, reads with variant allele frequency 
(VAF)≥5% were preserved. Mutations with VAF greater than 
5% made major contribution to TMB, and mutations with VAF 
<5% were caused by artefacts and usually filtered out before 
neoantigen prediction according to a FDA summary (PMA: 
P170019).

Data of WES- sequence above were obtained and sent to 
Qianyang Biomedical Research Institute, Shenzhen, China for 
neoantigen sequencing and predicted peptides bioinformatics 
analysis. All patients’ Phased Somatic VCF files were analysed 
by software pVACseq limited to MHC- I alleles (HLA- A, HLA- B 
and HLA- C alleles).18 Epitopes were predicted based on vari-
ants from each patient, respectively. In brief, HLA typing was 
performed using OptiType (V.1.3.3). Based on the HLA alleles, 
pVACseq module in pVACtools (V.1.0.0) were used to predict 
the peptides binding to these alleles by using different predic-
tion algorithms (NetMHCpan, NetMHC, NetMHCcons, Pick-
Pocket, SMM, SMMPMBEC, MHCflurry and MHCnuggets).18 
To get more specific peptides, median score of the eight algo-
rithm results were calculated and regarded as MHC- I binding 
affinity, which was quantificated as IC50 (nM); then epitopes 
with IC50 <50 nM were retained.19–21 Peptides with IC50 
<50 nM are considered as HANs. Customised peptides were 
obtained from Sangon Biotech (Shanghai, China).

Survival data and analysis
For the OS analysis, the survival time was calculated from the 
time of pathogenesis until last contact or death. The censoring 
proportion of survival data was 21 of 56 patients. We compared 
OS between low group and high group using the median 
frequency of all the indicators as a cut point. This cut point 
could fairly compare all the indicators in discriminating patient 
survival. For progression- free survival (PFS) analysis to assess 
the clinical efficiency of anti- PD-1 treatment, the evaluation 
criterion referred to imRECIST Refining Guidelines22 and the 
baseline of tumour size was set before the first time of immuno-
therapy. P values were determined using log- rank test.

Flow cytometry for TILs
Tumour samples were cut into small pieces and digested in RPMI-
1640 supplemented with collagenase at 1 mg/mL (#C1889 
Sigma USA). Digestion lasted for 1 hour at room temperature 
and filtered through a 70 µm filter. Single- cell suspensions were 
surface stained in fluorescence activated cell sorter (FACS) 
buffer (phosphate buffer solution (PBS), supplemented with 1% 
fetal bovine serum (FBS)) with the following antibodies for flow 
cytometric analysis, including FITC Zombie Green (#423 111 
Biolegend USA), PE Anti- human CD3 (#344 806 Biolegend 
USA), APC Anti- human CD8 (#344 721 Biolegend USA), Bril-
liant Violet 421 Anti- human CD39 (#328 214 Biolegend USA), 
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PE- Cy7 Anti- human PD-1 (#561 272 BD USA). Flow data were 
analysed by FlowJo V.10.0.

TIL ex vivo expansion and autologous tumour organoid 
culture
Samples of needle biopsy from patients with HCC were segre-
gated into average two parts. One part was used for TIL expan-
sion. TILs were generated and cultured as previously described.23 
Briefly, tumour samples were cut into small pieces in X- Vivo 
15 Lymphocyte medium (#04- 418Q Lonza Switzerland). IL-2 
(#200-02-50 PerproTech USA) at 6000 IU/mL was used for TIL 
expansion. All cells were cultured at 37°C with 5% CO2 for 2 
weeks. After expansion, TILs were collected and sorted as the 
marker CD39 and CD8 by FACS for the following experiments. 
Another part of tumour sample was used for organoid culture. 
HCC organoids were established as the protocol previously 
described.24 Organoids were passaged approximately every 
week (not exceed five generations before using). All organoids 
were regularly checked for mycoplasma contamination using the 
MycoAlert Mycoplasma Detection Kit (#CUL001B R&D USA).

Preparation of peptide-pulsed antigen-presenting cells (APCs)
Autologous CD14+ DCs were sorted from peripheral blood 
mononuclear cell (PBMCs) by EasySep Human CD14 Pos Sellec-
tion Kit (#17 858 Stemcell USA) and incubated with DC medium 
(RPMI 1640 medium supplemented with 10% FBS, 2 mM l- glu-
tamine, 800 IU/mL GM- CSF (#300-03-100 Peprotech USA) 
and 200 U/mL IL-4 (#200-04-50 Peprotech USA). All peptides 
were synthesised to pulse APCs individually. Autologous DCs 
were harvested, washed and resuspended at 1.0×106 cells/mL 
in DC medium and incubated with 10 µg/mL of the individual 
peptide for overnight at 37°C at 5% CO2. Following pulsing, 
the APCs were centrifuged, resuspended in fresh DC medium 
without cytokines in concentration 2×106 cells/mL and used for 
coculture assays.

TILs and APCs coculture assay and IFN-γ ELISPOT assay
Expanded TILs were incubated with peptide- pulsed APCs at 
a ratio of 1:2. In addition, no peptide dimethyl sulphoxide 
(DMSO) pulsed APCs were used as negative control, with OKT3 
(#05121-25-500 Peprotech USA) (10 µg/mL) was used as posi-
tive control. Before coculture, the IL-2 containing medium for 
TILs expansion was removed, and the TILs were resuspended in 
IL-2 free medium to rest for 24 hours. Then 100 µL of TILs and 
APCs were mixed together for total volume of 200 µL/well IL-2 
free medium in 96- well interferon-γ (IFN-γ) ELISPOT plates 
(#3420–2 hour Mabtech Sweden) for 24 hours. Each ELISPOT 
plate was scanned and counted using an ImmunoSpot plate 
reader and associated software (Cellular Technologies).

Organoid killing assay
Organoids were harvested and part of the organoids were 
dissociated into single cells and counted to infer the number of 
tumour cells to allow a effector:target (E:T)=10:1 ratio. Tumour 
organoids were resuspended in IL-2 free human HCC organoids 
medium and seeded in flat- bottom plate with 1×105 autologous 
CD39+/-CD8+TILs obtained by sorting. To facilitate visualisa-
tion, organoids were previously stained with 1 mM of Cell- Trace 
Farred (#C34572 Invitrogen USA). At the start of coculture, 
caspase 3/7 probe (#C10723 Invitrogen USA) was added at 
1:2000 dilution to visualise cell apoptosis. After 24 hours of 
coculture, microphotographs images were taken. The superna-
tant and cells were collected for following test. Organoids were 

dissociated into single cells and washed in FACS buffer and 
stained with PE anti- human CD137 (#309 803 Biolegend USA) 
and Pacific Blue anti- human CD107a (#328 623 Biolegend USA) 
for 30 min. Cells were washed twice prior to flow cytometric 
recording. Supernatant was used to examine the IFN-γ secretion 
by ELISA (#430 107 Biolegend USA).

Peptide stimulation and antigen-specific T cells culture
Based on the above analysis, 6 patients were selected from the 
12 candidate patients. Further selected mutant type (MT)/wild 
type (WT) peptides are listed in table 1 and synthesised. Patients’ 
autologous PBMCs were used to evaluate the immunogenicity of 
candidate peptides in vitro. An established culture protocol was 
mainly used in detecting peptide- specific cytotoxic T lymphocyte 
(CTLs) as previously reported.25 26 Briefly, blood samples were 
obtained from patients for the isolation of PBMC by centrifuga-
tion and suspended in X- Vivo15 medium. In each well 1×105 
PBMCs was incubated with a corresponding peptide (25 µM) 
in 200 uL culture medium with IL-2 (150 U/mL) in U- bottomed 
wells. At 3- day intervals, half of the culture medium containing 
peptide (25 µM) and IL-2 (150 U/mL) was changed. On day 10, 
the specific T cell responses to each peptide were collected. 
CD8+ T cells were sorted by EasySep Human CD8+ T Cell Isola-
tion Kit (#17 985 Stemcell USA). Cells were washed twice and 
then cocultured with autologous tumour organoid for 24 hours. 
Before coculture, organoids were stained with 1 mM of Cell- 
Trace Farred. At the start of coculture, caspase 3/7 probe was 
added at 1:2000 dilution. Organoids were seeded in flat- bottom 
plate with 1×105 CD8+ T cells. T cells and organoids were at a 
E:T=10:1 ratio. No peptide was regarded as negative control. 
Twenty- four hours later, microphotograph images were taken 
and supernatant was collected to examine the IFN-γ secretion 
by ELISA. In addition, organoids were dissociated into single 
cell. Cells were washed in FACS buffer and stained with PE 
anti- human CD8 (#344 743 Biolegend USA), PerCP/Cy5.5 anti- 
human CD39 (#328 217 Biolegend USA) and Brilliant Violet 
421 anti- human CD137 (#309 819 Biolegend USA) for 30 min. 
Cells were washed twice prior to flow cytometric recording.

Statistical analysis
Pearson’s correlation coefficient was used to evaluate the correla-
tion matrices. Survival curves were generated using Kaplan- 
Meier estimates and tested using the log- rank test. Data samples 
were compared using a two- tailed Student’s t test, and a p value 
of less than 0.05 was considered significant.

RESULTS
The value of HAN is correlated with better OS in patients 
with HCC
First, the clinical data and gene mutations of 56 patients with 
HCC were obtained by WES analysis (figure 1A). The top 20 high- 
frequency mutant genes were identified, including TP53 (50%), 
CTNNB1 (18%), ARID1A (16%) and AXIN1 (11%). HANs were 
defined as neoantigens with high MHC- I peptide- binding affinity 
and mutant type IC50 <50 nM (figure 1B). Then, patients were 
segregated into high and low groups stratified above or below the 
median of the indicators above. Our results showed that the value of 
HAN were significantly correlated with OS (p=0.0199), but TMB 
(p=0.7505) or neoantigen (p=0.2297) did not (figure 1C–E). The 
5- year survival rate of patients with HAN- high group (60.76%, 
p=0.0199) was better than patients with HAN- low group (38.76%, 
p=0.0199) (figure 1E). These results suggest HAN can be used as a 
prognostic biomarker for patients with HCC.
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The value of HAN is positively correlated with the frequency 
of CD39+CD8+ TILs
Recent studies have shown that the frequency of CD39+CD8+ 
TILs has a positive correlation with OS in head and neck squa-
mous cell carcinoma.14 To explore whether HANs were asso-
ciated with CD39, the frequency of CD39+CD8+ TILs was 
investigated by flow cytometry (figure 2A–C). Significantly, 
the value of HAN was better correlated with the frequency of 
CD39+CD8+ TILs (R2=0.6786) than TMB (R2=0.3072) or 
neoantigen (R2=0.5515) (figure 2D–F). Furthermore, a higher 
frequency of CD39+CD8+ TILs was positively correlated with 
better OS (5 year survival: 56.51% vs 46.42%; p=0.0365) 
(figure 2G). In conclusion, our findings indicated that the 
value of HAN is positively correlated with the frequency of 
CD39+CD8+ TILs.

CD39+CD8+ TILs from HAN-high group show better 
antitumour activity
To investigate whether CD39+CD8+ TILs have the capability 
of tumour- killing, CD39+/-CD8+ TILs were sorted after expan-
sion in vitro and then cocultured with autologous tumours 
organoids for 24 hours to assess killing efficiency, respectively 
(figure 3A). All the cases were divided into HAN- high and low 
groups according to the median of HAN value. Six candidate 
patients were selected from each group for further study (online 

supplemental figure 1). Details of high- affinity peptides and 
HLA alleles of candidate patients are shown (table 1 and online 
supplemental figure 2).

The results showed that CD39+CD8+ TILs from HAN- 
high group induced more caspase3/7 positive apoptosis 
than those from the HAN- low group (36.03%±6.029% vs 
14.15±3.294%, p=0.0003) in HCC organoids (figure 3B–D), 
whereas CD39−CD8+ TILs of either group induced little apop-
tosis (figure 3B–D). Furthermore, the frequency of T cell effector 
markers CD107a and CD137 was higher in CD39+CD8+ TILs 
from the HAN- high group than those from the HAN- low group 
(CD107a: 33.13±6.535% vs 13.04±2.893%, p=0.0184; 
CD137: 28.20±4.016% vs 11.60±2.667%, p=0.0063) 
(figure 3E–G). These findings suggest that CD39+CD8+ TILs 
from HAN- high group had better antitumour ability compared 
with those from HAN- low group.

To further confirm aforesaid findings in fresh CD39+CD8+ 
TILs, surgically removed HCC fresh tumour samples from 
patients (online supplemental table 2) were prepared for cell 
suspension and detected by flow cytometry immediately. Our 
data confirmed that CD39+CD8+ TILs from fresh tumour in 
HAN- high group showed a better antitumour activity than those 
in HAN- low group (online supplemental figure 3A–H), which 
was consistent with the findings of expanded TILs. Furthermore, 
the expansion before or after sorting for TILs had no bias in 

Table 1 Candidate top five peptides according to the binding- affinity of HLA- I alleles (MT IC50 and WT IC50) from three patients in HAN- high 
group and HAN- low group

Gene CDNA change AA change HLA allele MT peptide MT IC50 WT peptide WT IC50

HCC14 VCX 595G>C Glu199Gln HLA- A*02:06 SQMEELPSV 1.7 SEMEELPSV 23.3

CHST3 832C>T Arg278Trp HLA- A*02:06 WQLEFLQPL 2.3 RQLEFLQPL 3.4

OR10G8 53C>T Ala18Val HLA- A*02:06 FILMGLPHV 2.4 FILMGLPHA 6

DYNC1H1 7828C>T Arg2610Trp HLA- A*02:06 TLFSALWAL 3.8 TLFSALRAL 129.2

CYB561D1 209A>T Glu70Val HLA- A*02:06 WVMPVIPAL 4.1 WVMPEIPAL 4.5

HCC31 TAS2R30 935C>G Thr312Arg HLA- A*31:01 RSLRLHRFR 4.2 RSLRLHRFT 4837.8

TRIM68 1201G>A Gly401Arg HLA- A*31:01 RLRKRNEYR 5.3 RLRKGNEYR 6.8

SLC4A4 1588G>A Gly530Arg HLA- A*31:01 STRPVLVFER 5.6 STGPVLVFER 93.1

ABCA2 1640C>T Ser547Leu HLA- C*03:04 FLLPSGMAL 5.8 FSLPSGMAL 2.3

GUCY1A3 619C>T Pro207Ser HLA- A*31:01 HVYYFFSKR 7 HVYYFFPKR 11.2

HCC04 SLC26A11 664G>A Val222Met HLA- A*02:03 LMRDHMPPV 3.3 LMRDHVPPV 23.3

TAS1R1 782G>A Arg261His HLA- A*02:03 CLMHHLAQA 3.4 CLMRHLAQA 4

OR7G1 467C>T Ala156Val HLA- A*02:03 FMSTMDVLV 4.1 FMSTMDALV 3.2

ADCY1 1975C>T Arg659Trp HLA- A*02:03 VLYLHITWV 4.9 VLYLHITRV 4.4

OR10G8 53C>T Ala18Val HLA- A*02:03 FILMGLPHV 5.1 FILMGLPHA 200

HCC18 XKR4 122G>T Gly41Val HLA- A*02:01 GLAPGLPSV 3.4 GLAPGLPSG 2422.8

TAS2R46 893G>C Arg298Thr HLA- A*02:01 VLWHVTYWV 5.5 VLWHVRYWV 15

CSNK1A1 929G>A Arg310His HLA- A*02:01 YMYLRQLFHI 8.2 YMYLRQLFRI 18

ANKRD36C 1205T>C Ile402Thr HLA- A*11:02 TISKLYIPK 9.7 IISKLYIPK 15.7

SYNPO 2769G>T Lys923Asn HLA- A*11:02 QVWNPSFCFK 10.3 QVWKPSFCFK 15.2

HCC28 FOXB1 712T>C Tyr238His HLA- B*35:01 MASGDHSAY 2.6 MASGDYSAY 2.4

MIF4GD 185G>A Arg62His HLA- B*35:01 MPSHCNTQY 4.2 MPSRCNTQY 5.1

AP2A1 445G>T Ala149Ser HLA- C*03:03 FASDIPRIL 5.4 FAADIPRIL 3.9

SLC25A5 679A>G Thr227Ala HLA- B*35:01 TAVAGLASY 6 TAVAGLTSY 8.2

FRMD8 152C>G Ser51Trp HLA- B*35:01 LPWLSAHEL 12.9 LPSLSAHEL 26.4

HCC21 NCOA3 600G>T Leu200Phe HLA- A*11:01 HTFNCRMFMK 4.5 HTFNCRMLMK 6.5

HEATR3 740T>G Leu247Arg HLA- A*11:01 SSMESRLLK 5.1 SSMESLLLK 3.7

NPIPB15 1256T>C Ile419Thr HLA- A*11:01 ATRINPWVEK 10.4 AIRINPWVEK 22.6

NBAS 4429G>C Glu1477Gln HLA- A*24:02 FYQSVISNPF 15.5 FYESVISNPF 44.8

RAG1 15C>A Phe5Leu HLA- C*12:02 MAASLPPTL 28 MAASFPPTL 20.8

HAN, high- affinity neoantigen; HCC, hepatocellular carcinoma.
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Figure 1 Correlation between TMB/neoantigen/HAN and overall survival in patients with HCC. (A) Gene mutation data and clinical information 
for all 56 patients with HCC. (B) Value of TMB, neoantigen and HAN for each patient. (C–E) All patients were segregated into high and low groups 
basing on above or below the median of the value of TMB (median=164), neoantigen (median=63) and HAN (median=16), respectively. The survival 
curves were analysed by log- rank test (p<0.05 was considered significant). The dotted- line indicated the 95% CI. HAN, high- affinity neoantigen; HCC, 
hepatocellular carcinoma; TMB, tumour mutational burden.
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Figure 2 Correlation analysis between frequency of CD39+CD8+ TILs and value of TMB, neoantigen or HAN. (A,B) Representative gating strategy 
for CD8+ TILs of patients with HCC by flow cytometry. Numbers in gates indicate the percentage of CD39+CD8+ TILs. (C) Frequency of CD39+CD8+ 
TILs of each patient was detected by flow cytometry. (D–F) Correlation between frequency of CD39+CD8+ TILs and TMB, neoantigen or HAN estimated 
by liner regression. (G) Patients were segregated into CD39+ high and low group basing on above or below the median frequency (43.4%) of CD39 
expression. The survival curves were analysed by log- rank test (p<0.05 was considered significant). The dotted- line indicated the 95% CI. HAN, high- 
affinity neoantigen; HCC, hepatocellular carcinoma; TMB, tumour mutational burden.
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IFN-γ production and CD137 and CD107a expression (online 
supplemental figure 4A,B).

HAN-specific T cells are identified in CD39+CD8+ TILs
To explore whether tumour- reactive CD39+CD8+ TILs were 
induced by the effective stimulation of HANs, CD39+CD8+ 
TILs and CD39-CD8+ TILs were sorted from two candidate 
patients for HAN- specific CD8+ T cell identification assay, 
respectively, and cocultured with autologous DCs pulsed 

by candidate peptides from patient HCC14 and HCC18, 
after which IFN-γ production was tested by ELISPOT assay 
(figure 4A). Our results demonstrated that two peptides from 
patient HCC14 (TLSFALWAL, WVMPVIPAL) and one from 
patient HCC18 (YMYLRQLFHI) induced significant peptide- 
specific T- cell responses in CD39+CD8+ TILs group, but no 
detectable responses were observed in CD39-CD8+ TILs group, 
which suggest that peptide- specific T- cell were identified in 
CD39+CD8+ TILs group (figure 4B–D). Besides, all the WT 

Figure 3 CD39+CD8+ TILs from HAN- high group showed stronger antitumour activity. (A,B) CD39+/-CD8+ TILs of candidate patients from HAN- 
high/low groups were expanded and sorted in vitro and then cocultured with autologous tumours organoids for 24 hours to assess killing efficiency 
respectively. Organoids (red) were labelled with Cell- Trace FarRed, and apoptotic cells (green) were labelled with caspase-3/7 probe. Microphotograph 
images of one representative from each group are shown. Scale bars, 40 µm. (C,D) Flow cytometry was to analyse killing efficiency by FITC signal 
(caspase 3/7 probe). Summary of the frequency of caspase3/7+ for representative six patients from each group was shown. The dots represent 
different patients. (E,G) Flow cytometry plots was to analyse T cell effector marker CD107a and CD137 on CD39+/- CD8+ T cells. Summary of the 
frequency of CD107a and CD137 positive was shown for representative patients from each group. The dots represent different patients. Data are 
presented as mean±SEM (n=6), *P<0.05, **p<0.01. HAN, high- affinity neoantigen; HCC, hepatocellular carcinoma.
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peptides failed to induce the IFN-γ secretion (figure 4E,F). 
In other words, HAN- specific CD8+ T cells were enriched in 
CD39+CD8+ TILs.

HAN-peptides activate tumour-reactive CD39+CD8+ T cells 
from PBMCs
Based on aforementioned findings, we hypothesised that there 
would be more tumour- specific HANs in patients of HAN- 
high group that can generate CD39+CD8+ T cells with better 

tumour- reactive activity by PBMCs and peptide coculture. To 
verify this hypothesis, PBMCs from each patient were stimu-
lated with the corresponding peptides in vitro and were sorted 
by CD8 magnetic beads on day 10. Subsequently, CD8+ T cells 
were cocultured with autologous tumour organoids for 24 hours. 
Antitumour activity was assessed by measuring IFN-γ secretion 
(figure 5A). In HAN- high group, two peptides (TLSFALWAL, 
WVMPVIPAL) in patient HCC14, two (RLRKRNEYR, FLLPS-
GMAL) in HCC31 and one (LMRDHMPPV) in HCC04 

Figure 4 Neoantigen- specific T cells were identified in CD39+CD8+ TILs. (A,B) CD39+/-CD8+ TILs of candidate patients from HAN- high/low groups 
were expanded and sorted in vitro and then cocultured with autologous DC cells pulsed by top five HANs (mutant peptides) or corresponding wild 
type peptides from patient HCC14 and HCC18, and IFN-γ production was determined by ELISPOT assay. The mutated amino acids of each mutant 
peptide were indicated by the underline. (C–F) The number of IFN-γ spots/1×105 cells in each group. DC, dendritic cell; HAN, high- affinity neoantigen; 
HCC, hepatocellular carcinoma.

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://gut.bm

j.com
/

G
ut: first published as 10.1136/gutjnl-2020-322196 on 1 D

ecem
ber 2020. D

ow
nloaded from

 

http://gut.bmj.com/


9Liu T, et al. Gut 2020;0:1–13. doi:10.1136/gutjnl-2020-322196

Hepatology

Figure 5 Induction of tumour- reactive CD39+CD8+ T cells by stimulation with candidate HANs from PBMCs. (A) Autologous PBMCs of candidate 
patients from HAN- high/low groups were stimulated by top five HANs, and on day 10 CD8+ T cells were sorted and cocultured with autologous 
tumour organoids for 24 hours. (B) Tumour recognition was assessed by measuring IFN-γ secretion of supernate. No peptide stimulation was tested as 
control. Data were presented as mean±SEM (n=3). (C) CD8+ T cells stimulated with HANs from HAN- high/low groups were cocultured with autologous 
organoids, which were labelled with Celltrace- Farred (red) prior to coculture. Tumour apoptosis was detected by green- fluorescent caspase-3/7 probe, 
thus apoptotic cells in organoids were indicated in yellow after merge. No peptide stimulation was tested as control. Microphotographs images were 
one representative patient for each two groups. (D) Summary of killing efficiency of caspase3/7 signal frequency for all the six representatives from 
each two groups. HAN, high- affinity neoantigen; HCC, hepatocellular carcinoma.
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induced significant peptide- specific T- cell responses. Only one 
effective peptide (YMYLRQLFHI) in patient HCC18 from 
HAN- low group was identified to induce IFN-γ secretion 
(figure 5B and online supplemental figure 5A,B). Furthermore, 
effective peptides from each group significantly increased CD39 
and CD137 expression (online supplemental figure 6A,B), 
indicating that those effective peptides- induced antitumour 
response related to CD39+CD8+ T cells activation. Moreover, 
autologous tumour organoids killing assay showed that those 

effective peptides induced far more caspase3/7- mediated apop-
tosis in HCC organoids than the negative peptides did from 
either group (figure 5C,D), indicating a successful tumour- killing 
ability of CD8+ T cells induced by those peptides, whereas allo-
geneic peptides could not induce IFN-γ secretion for autologous 
tumour organoid killing, suggesting that peptide recognition 
is specific and its antitumour effects are personalised (online 
supplemental figure 7). In addition, RNA- seq data indicated that 
CD39+CD8+ T cells exhibited effector T cell signatures after 

Figure 6 The phenotype analysis of CD39+/-PD-1high/int/negativeCD8+ TILs. (A,B) Flow cytometry analysed the CD39+/-PD-1high/int/negative subsets gated 
from CD8+ TILs in fresh HCC tissues from 12 patients. The frequency of IFN-γ+ from each subsets was revealed. (C,D) Statistic graphs of frequency of 
each subset and IFN-γ expression were shown. Red bars represented HAN- high group and blue bars represented HAN- low group. Data are presented 
as mean±SEM (n=6), *P<0.05, **p<0.01. HAN, high- affinity neoantigen; HCC, hepatocellular carcinoma; PD, progress disease.
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HAN peptide stimulation, with higher expression of cytotoxic, 
activation, chemotaxis and adhesion molecules (online supple-
mental figure 8).

Overall, our findings demonstrated that patients with HCC in 
the HAN- high group generated more tumour- specific peptides 
with high MHC- I binding affinity than those in the HAN- low 
group; they are likely responsible for the activation of tumour- 
reactive CD39+CD8+ T cells.

CD39+PD-1intCD8+ TILs show an effector T cell phenotype and 
stronger antitumour activity in HAN-high versus HAN-low 
group
It was still controversial whether CD39+CD8+ T cells with 
high PD-1 expression exhibit effector or exhausted phenotype 
(online supplemental figure 8E). To confirm that, TILs from 
fresh tumours were analysed by flow cytometry. Data revealed 
that CD39+PD-1highCD8+ TILs exhibited exhaustion pheno-
type for low IFN-γ production, while CD39+PD-1int CD8+ 
TILs exhibited effector phenotype for high IFN-γ production 
(figure 6A–D). Furthermore, the number and antitumour activity 
of CD39+PD-1int subsets were upregulated in HAN- high versus 
HAN- low group (figure 6C).

HAN-high patients benefit more from anti-PD-1 treatment 
compared with HAN-low patients
According to aforesaid findings, we speculated that patients in 
HAN- high group who had a higher ratio of CD39+CD8+ TILs 
may benefit more from anti- PD-1 treatment. To confirm this 
conjecture, eight patients from each group treated with anti- 
PD-1 antibody afterwards were included into study (online 
supplemental table 1). The baseline tumour size was set before 
the first time of immunotherapy, and the curative evaluation 
referred to imRECIST Refining Guidelines.22 Data showed that 
objective regression rate (ORR) and disease control rate (DCR) 
were higher in HAN- high group than those in HAN- low group 

(ORR: 25% vs 0%; DCR: 50% vs 25%) (figure 7A–C). More-
over, survival curves revealed that patients in HAN- high group 
had a better PFS than those in HAN- low group (p=0.048) 
(figure 7D).

DISCUSSION
In the present study, the most striking discovery was that the 
value of HAN was correlated with a markedly better OS in 
patients with HCC, suggesting an important role for tumour 
antigen- specific CD8+ TILs activation in limiting tumour growth 
in these patients. More importantly, more effective peptides were 
identified from HAN- high group, which played an important 
role in activating tumour- reactive CD39+CD8+ T cell.

Recently, accumulating evidence has shown that neoantigens 
are responsible for tumour regression in patients receiving TIL 
therapy and in immune checkpoint inhibitor therapy in both 
mouse models and clinical settings.23 27 However, the arith-
metic used to filtrate dozens of efficient peptides from thou-
sands of candidates needed to be improved. The pVACtools 
suite represents a novel arithmetic to calculate MHC- I- peptide 
binding affinity, which was used to evaluate efficient peptides. In 
our study, mutant types with IC50 less than 50 nM were defined 
as HANs. The value of HAN showed strong correlation with 
better OS, whereas TMB and neoantigens showed no signifi-
cant correlation with OS. Our findings were in accordance with 
previous studies showing that TMB was not correlated with 
predicted neoantigens in the HCC microenvironment and was 
not suitable as a predictive biomarker in HCC,4 28 although higher 
TMB or neoantigens showed significant correlation with better 
OS in non- small- cell lung cancer (NSCLC) and melanoma.29–32

Recent studies identified CD39 as a novel biomarker to distin-
guish tumour- specific CD8+ T cells,14 which can recognise 
tumour neoantigen peptides, in contrast to bystander CD8+ T 
cells.16 In our study, CD39+CD8+ TILs could recognise tumour- 
specific HANs, and higher frequency of CD39+CD8+ TILs was 

Figure 7 Curative evaluation of HAN- high/low groups after anti- PD-1 therapy. Sixteen patients had taken anti- PD-1 therapy afterwards and were 
divided into HAN- high/low groups (8 vs 8). The baseline tumour size was set before the first time of immunotherapy. (A) CT scans of representative 
patients from two groups were performed before and after anti- PD-1 immunotherapy. The immunotherapy evaluation criteria referred to imRECIST 
Refining Guidelines. (B,C) The curative evaluation of immunotherapy of HAN- high/low groups was shown. (D) PFS of patients in HAN- high group 
compare to those in HAN- low group was shown. PFS curves were analysed by log- rank test (p=0.048). The dotted- line indicated the 95% CI. CR, 
complete response; DCR, disease control rate; HAN, high- affinity neoantigen; ORR, objective response rate; PD, progress disease; PFS, progression- free 
survival; PR: partial response; SD: stable disease.
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positively correlated with better OS. Similarly, the frequency of 
CD39 on CD8+ T cells was also correlated with higher OS in 
other human solid tumours.14

Although some studies have identified CD39 as a marker for 
exhausted T cells because its downstream inhibitory marker 
CD73 generates adenosine,33 34 some studies reported that 
CD39+CD8+ TILs were not true sense of exhausted T cells 
for a particular profile of effector functions, higher IFN-γ and 
CD137 production.14 Though they coexpress high levels of 
inhibitory receptors (PD-1, Tim3, Lag3) and a lower prolifer-
ative capacity in microenvironment in vivo,35 the effector func-
tion can be retrieved after expansion in vitro.14 Our findings 
revealed that HANs triggered antitumour activity by activating 
tumour- reactive CD39+CD8+ T cells. Patients from HAN- high 
group had higher ratios of tumour- reactive CD39+CD8+ T cells, 
the expression of CD107a, CD137 and secretion of IFN-γ were 
greatly increased in organoid coculture systems. More impor-
tantly, in tumour microenvironment of HCC, CD39+CD8+ TILs 
could be divided into two distinct subsets: CD39+PD-1intCD8+ 
TILs which displayed an effector phenotype, and CD39+PD-
1highCD8+ TILs which displayed an exhaustion phenotype. Our 
study first clarified the phenotype of distinct CD39+CD8+ TIL 
subsets in the tumour microenvironment, which may correlate 
with the outcome of anti- PD-1 therapy.

HAN- high patients who had higher ratio of CD39+CD8+ TILs 
may benefit more from those treated with anti- PD-1 antibody, 
which may retrieve antitumour function of CD39+CD8+ TILs 
by blocking highly expressed PD-1 receptors.14 16 36 In our study, 
the number and antitumour activity of CD39+PD-1intCD8+ 
TILs were upregulated in HAN- high versus HAN- low group, 
which may explain the improved clinical outcomes of anti- PD-1 
therapy in HAN- high versus HAN- low group. Our present find-
ings tentatively confirmed the better prognosis of patients in 
HAN- high group after anti- PD-1 therapy, additional samples are 
still needed for verification in our future study. Moreover, those 
patients in HAN- high group may benefit from treatment with 
peptide vaccine immunotherapy by generating tumour- reactive 
CD39+CD8+ T cells from PBMCs.

Neoantigen- based immunotherapy was frequently restricted 
to the inefficient screening of effective neoantigen peptides. In 
our study, HANs activated CD39+ CD8+ T cells more efficiently 
than neoantigens, for it was a furtherly filtrated from neoan-
tigen. Previous studies reported that only 0.6%–2.0% of neoan-
tigen peptides could be identified by autologous T cells from a 
pool of hundreds of peptides.8 37 38However, when the prelim-
inary screening for HANs was applied, the screening efficiency 
increased significantly to 20%, allowing 2–3 out of 10 peptides 
to be identified.10Our data showed that more effective peptides 
were identified in HAN- high group than HAN- low group (5 vs 
1), which could activate tumour- reactive CD39+CD8+ T cells 
and induced tumour- killing activity.

In conclusion, this study demonstrated a novel assess-
ment system for predicting prognosis based on HANs and 
the frequency of CD39+CD8+ T cells, which could be used 
to develop selective HAN- based personalised antitumour 
therapy for HCC and screen the suitable patients for anti- 
PD-1 therapy.
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