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SUPPLEMENTAL MATERIALS AND METHODS

1. Patients and sample collection

We enrolled 14 patients with hepatocellular carcinoma (HCC) who underwent
curative resection, including 6 patients from the Peking University People’s Hospital
and 8 patients from the Affiliated Hospital of Guilin Medical University. All cases
were confirmed by pathology reports. The study was approved by the Research Ethics
Committees of the Peking University People’s Hospital and the Affiliated Hospital of
Guilin Medical University. All patients provided written informed consent. Tumor
tissues, nontumor liver tissues (nearby tissues > 2 cm away from tumor tissue margin)
and portal vein tumor thrombi (PVTTs) were collected and frozen in liquid nitrogen
for further processing. Peripheral blood mononuclear cells (PBMCs) were isolated
from fresh peripheral blood of patients or healthy donors by Ficoll density gradient
centrifugation. They were immediately frozen in -80°C and transferred to liquid
nitrogen the next day. COS-7 cells, HEK293T cells, PLC/PRF/5 cells, Hep3B cells
and HepG2 cells were purchased from American Type Culture Collection (ATCC).
Huh-7 cells were purchased from Cell Resource Center,

Institute of Basic Medical Sciences, Chinese Academy of Medical Sciences.

2. Extraction and next-generation sequencing (NGS) of DNA and RNA

2.1 Extraction and quality control of DNA and RNA

DNA and RNA were extracted from fresh-frozen samples using AllPrep DNA/RNA
Mini Kit (QIAGEN) following the protocol of the manufacturer. The quantity and
quality of DNA and RNA were determined by Qubit Fluorometer (Invitrogen) and

agarose gel electrophoresis generally. Fragment Analyzer 5400 (Agilent) was used for
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accurate verification. At least 1.5 pg high quality genomic DNA and 1.0 pg high

quality RNA were prepared for subsequent experiments.

2.2 Whole exome sequencing (WES)

WES was performed using SureSelect Human All Exon V6 (Agilent) according to the
manufacturer’s instructions. We first used the Covaris to randomly fragment DNA
sample to an average of 180 - 280 bp. Fragments were end-repaired, and an extra A
base was added to the 3° end. Illumina adaptors were ligated to the fragments.
Subsequently, we used SPRI beads to purify and acquire the library. After the solution
hybridization of the library and biotin-labeled probes, we used beads to capture
exome and then performed PCR amplification. The quality was determined by Qubit
Fluorometer (Invitrogen) and Fragment Analyzer 5400 (Agilent). Furthermore, the
effective  concentration of the library was accurately quantified by
quantitative real time PCR ~ (qPCR). = The library @ was  sequenced by
[lumina NovaSeq 6000 platform. Finally, raw date was filtered to obtain high-quality

clean reads for further analysis.

2.3 RNA-sequencing (RNA-seq)

The library was acquired by NEBNext UltraTM RNA Library Prep Kit for Illumina.
First, we used beads to capture mRNA from total RNA and fragment it. Then, we used
M-MuLV Reverse Transcriptase and random hexamer primer to synthesize first
strand cDNA and used RNase H and DNA Polymerase I to perform second strand
cDNA synthesis. Remaining overhangs were converted into blunt ends via
exonuclease/polymerase activities. After adenylation of 3* ends of DNA fragments,
NEBNext Adaptor with hairpin loop structure were ligated to prepare for

hybridization. The library fragments were purified with AMPure XP system
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(Beckman Coulter). Subsequently, 3 ul USER Enzyme (NEB) was used with
size-selected, adaptor-ligated cDNA at 37°C for 15 min followed by incubation at
95°C for 5 min. Furthermore, we performed PCR to acquire products and used
AMPure XP system to purify them. Fragment Analyzer 5400 (Agilent) were used to
quantitate the products. The clustering of the index-coded samples was performed on
a cBot Cluster Generation System using TruSeq PE Cluster Kit v3-cBot-HS (Illumia).
After cluster generation, the library was sequenced on Illumina NovaSeq 6000.
Finally, raw data was filtered to obtain high-quality clean reads for subsequent

analysis.

3. Variation calling

3.1 Base substitution, mutational signatures, mutated genes and evolutionary tree of

the samples

For single nucleotide variants (SN'Vs), we analyzed the number of 6 different types of
base substitutions including A>C, A>G, A>T, C>A, C>G and C>T, and calculated
their proportions. Further, each of the substitutions was examined by incorporating
information on the bases immediately 5’ and 3’ to each mutated base generating 96
possible triplet nucleotides (6 types of substitution x 4 types of 5’ base x 4 types of 3’
base). We calculated the proportion of each triplet nucleotide and identified the 30
mutational signatures from COSMIC database (https://cancer.sanger.ac.uk/cosmic) by
the R package “deconstructSigs”. Subsequently, we analyzed the abundance of each

mutational signatures.

The gene that had at least one mutation was defined as mutated gene. And we focused

our analysis on the high-frequency mutated genes, pan-cancer driver mutated genes'',

HCC driver mutated genes (according to previous reports and NCG7.0 database,
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http://ncg.kcl.ac.uk/index.php)>®, immune-related mutated genes (according to
GSEA, https://www.gsea-msigdb.org/gsea/index.jsp) and cytotoxic T lymphocyte
(CTL)-evasion mutated genes'. The TMB for each sample was calculated as the
number of mutations per 36 megabase (Mb) of gene, and the mutated frequency for

each gene was the proportion of patients who had mutated genes in all patients.

We constructed an M x N matrix based on the occurrence of mutations in different
samples. M was the number of mutations and N was the number of samples. The
status of the mutation was O or 1, where 0 was unmutated and 1 was mutated. In
addition, a negative control sample was added as negative control (NC), and the
mutation frequency of all sites was defined as 0. Then phylograms were inferred using
the R package “phangorn”. The parsimony ratchet method was used to search for the
best tree and acctran function was used to get edge length according to the

ACCTRAN criterion'®!.

3.2 Base substitution and mutated genes of HCC in TCGA database and reference

mutational signatures in COSMIC database

Effective mutation analysis is the basis of neoantigen prediction. We used other
database to verify the reliability of mutations from our samples. The data for analysis
of base substitution and mutated genes of HCC were downloaded from the GDC data
portal of TCGA database (https://www.cancer.gov/) and the used R package was
“maftools”. Reference mutational signatures were downloaded from COSMIC

database.
4. Neoantigen prediction
4.1 Affinity prediction between neoantigens and human leukocyte antigens (HLAs)

We used OptiType'”, a new algorithm based on integer linear programming, to

6

Chen P, et al. J Immunother Cancer 2023; 11:€006334. doi: 10.1136/jitc-2022-006334



BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) J Immunother Cancer

analyze the HLA types of patients from WES data of nontumor liver tissues or
PBMCs and used LOHHLA!"" to predict potential loss of heterozygosity (LOH) of
HLAs from WES data of tumor tissues. At the same time, we used Variant Effect
Predictor (VEP)!' to predict mutated proteins from somatic mutations and
disassembled the mutated proteins to potential mutated peptides. Then, we used
Genome Analysis Toolkit (GATK) ASEReadCounter!'”! to detect mutation count
(MutCount) of potential mutated peptide from RNA sequencing (RNA-seq) data.
Subsequently, the NetMHCpan-4.1 algorithm''* was used to determine the affinity of
the mutated peptides to the patient’s HLAs. Finally, we filtered the data based on
mutated peptide affinity (MutAff) <200 nM or referenced peptide affinity (RefAFF) /
MutAff > 10 in the case of excluding duplication and LOH of HLAs and predicted

potential neoantigens.
4.2 Selection of indexes and filter values

Prediction with computer algorithms aimed at assessing affinity between neoantigens
and HLAs is currently the main strategy for clinical neoantigen screening!'*. The
common indexes for filtering neoantigens are MutAff, RefAFF / MutAff and the rank

of mutated peptide affinity (Mutrank).

The common filter value of MutAff is 500 nM or lower, the RefAFF / MutAff is 1 or

higher and the Mutrank is 2 or lower!'>1¢!

. Because neoantigens have high
heterogeneity in different tumors and population, the selection of indexes and filter

values should be personalized'"”.

Single nucleotide polymorphisms (SNPs) are one of the most common types of
genetic variation among people. The mutated peptides from SNPs could not induce a

strong immune response. We used VEP to predict mutated proteins from SNPs in
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nontumor liver tissues and disassembled the mutated proteins to potential mutated
peptides as negative dataset''®. The frequency of the SNPs is 10% or more and the
MutCount of potential mutated peptide is 5 or more. Positive dataset consisted of the
neoantigens with high confidence collected by Tan et al'”, and the neoantigens
without the paired wild types were eliminated. Then we used the negative dataset and
the positive dataset to determine appropriate indexes and filter values. We found the
increasing filter values of MutAff and Mutrank or the declining filter value of
RefAFF / MutAff could induce more candidate neoantigens and the real neoantigens
but less proportion of real neoantigens in candidate neoantigens (supplemental figure
6A-C). When the same amount of neoantigens were screened by different indexes,
neoantigen proportions screened by MutAff and RefAFF / MutAff were higher than
those screened by Mutrank (supplemental figure 7A-C). In our study, we excluded
inferior Mutrank and selected MutAff < 200 nM and RefAFF / MutAff > 10 to
balance the number and the proportion of the screened neoantigen for these HCC

samples.
5. Establishment, validation and application of the Co-HA system
5.1 Construction of the KRAS G12D TCR-T cells

The starting vector was lenti-BSD-T2A-EGFP. This vector was constructed by
CorreGene. The vector map is shown in supplemental figure 1A (supplemental
plasmid sequence NO. 1). The gene segment of EGFP in vector were released from
the vector by cleavage with restriction enzymes BfuAl (NEB) and EcoRI (NEB), and
the vector without EGFP was recovered from the gel. Meanwhile, we entrusted
Synbio Technologies to synthesize the gene segment of the KRAS G12D TCR,

including TK412 VB, Cys mTRBCl1, P2A, TK412 Va and LVL Cys mTRAC, as
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described by Wang et al'®”. Gibson Assembly was then performed to assemble the
TCR gene segment into the viral vector without EGFP to construct the TCR plasmid
lenti-BSD-T2A-TK412 (supplemental figure 1A, supplemental plasmid sequence NO.
2). The 3589 bp gene segment was successfully excised from the TCR plasmid by
restriction enzymes Notl (NEB) and BamHI (NEB) for verification (supplemental
figure 1B). PBMCs from healthy donors were cultured in X-VIVO 15 medium (Lonza)
supplemented with 5% Human AB serum (GemCell), 100 U/ml penicillin (Gibco),
100 pg/ml streptomycin (Gibco), 100 IU/ml IL-2 (R&D) and 10 pL T Cell TransAct
EA (Miltenyi). According to the methods of production and infection of lentivirus in

(211 "the TCR plasmid and assistant plasmid pVSVg

the previous research of our group
(AddGene 8454) and psPAX2 (AddGene 12260) were cotransfected into HEK293T
cells. After 48 hours, the supernatant of the virus was collected and centrifuged for 10
min with 2,000 g. The debris was removed by 0.45 um filter (Millipore). The
lentivirus was concentrated with Macrosep Advance Centrifugal Device (100K, PALL)
and then the titer was determined by p24 enzyme-linked immunosorbent assay
(ELISA). PBMCs were infected by the lentivirus with 20 multiplicity of infection
(MOI). After 14 days of cultivation, TCR-T cells recognizing the KRAS G12D
neoantigen were acquired. DNA was extracted from the TCR-T cells by TIANamp
Genomic DNA Kit (TIANGEN) following the protocol of the manufacturer. Sanger
sequencing was used to determine the key sequence of the TCR. The sequence of
primer was shown as SEQ ID NO. 1 in supplemental table 5. In supplemental figure
1C, the crimson part of the picture represented the matching sequence, and the arrow
represented the sequencing direction. In addition, the expression of the TCR was

detected by flow cytometry (FCM). The antibodies were PE anti-mouse TCR f chain

Antibody (BioLegend), FITC Mouse Anti-Human CD8 (BD) and Cell Viability
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Solution (BD).

It is challenging to identify the TCRs of T cells for newfound neoantigens. In general,
we produced the specific tetramers to identify the neoantigen-specific T cells. In order
to get the sequences of the TCRVa and the TCRVp of the neoantigen-specific T cells,
we need to sort the neoantigen-specific T cells for Sanger sequencing. Besides the
TCR-T cells, antigen-specific T cells in peripheral blood and tumor infiltrating

lymphocytes (TILs) of patients could be as effector cells in the Co-HA system.

5.2 Construction of the HLA vectors

The HLA vector was the main component of the Co-HA system that contained the
HLA subtype linker region, the antigen linker region and the tag sequence. At first,
the HLA-A*11:01 vector containing HLA-A*11:01 gene was constructed with the
lenti-PURO-T2A-EGFP vector (supplemental figure 3A, supplemental plasmid
sequence NO. 3). The steps of constructing the HLA-A*11:01 vector were described
in detail as follows. (1) To prevent disturbing subsequent restriction enzyme digestion,
the recognition site of restriction enzyme BsmBI on the lenti-PURO-T2A-EGFP was
synonymously mutated. (2) We simultaneously entrusted Synbio Technologies to
synthesize the gene segment including HLA-A*11:01, E2A, Tag-A*11:01, P2A and
EGFP we designed. The sequence of HLA-A*11:01 was acquired from the
IPD-IMGT/HLA database (https://www.ebi.ac.uk/ipd/imgt/hla/), and the recognition
site of restriction enzyme BsmBI in HLA-A*11:01 was synonymously mutated
similarly. (3) The gene segment of EGFP was excised by restriction enzymes BamHI
(NEB) and EcoRI (NEB), and the main part of the vector was recovered from the gel.
Then, the synthesized gene segment was assembled into the main part of the vector by

Gibson Assembly, and the HLA-A*11:01 vector was constructed and named

10
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lenti-PURO-T2A-(HLA-A*11:01)-E2A-(Tag-A*11:01)-P2A-EGFP  (supplemental
figure 3A, supplemental plasmid sequence NO. 4). (4) The 2611 bp gene segment was
excised from the HLA-A*11:01 vector by restriction enzymes BamHI (NEB) and
Xhol (NEB) for verification (supplemental figure 3B). (5) Subsequently, the
HLA-A*11:01 vector, and assistant plasmid pVSVg (AddGene 8454) and psPAX2
(AddGene 12260) were cotransfected into HEK293T cells for producing lentivirus.
The EGFP in vector was used to as reporter gene. Then, COS-7 cells were infected
with the lentivirus and cultured with 4 pg/ml puromycin (Sigma) for one week to
establish stable cell lines. DNA was extracted from the COS-7 cells by TIANamp
Genomic DNA Kit (TTANGEN) following the protocol of the manufacturer. The key
sequence of the HLA-A*11:01 vector was analyzed with Sanger sequencing. The
sequences of primers were shown as SEQ ID NO. 2-3 in supplemental table 5. In
supplemental figure 3C, the crimson parts of the picture represented the matching
sequences sequenced by Sanger sequencing, and the arrows represented the
sequencing directions. In addition, the expression of HLA-A*11:01 was detected by
FCM. The antibodies were FITC Mouse Anti-Human HLA-A (BD) and Cell Viability

Solution (BD).

We designed the recognition sites of restriction enzymes BamHI (NEB) and Afel
(NEB) in the HLA-A*11:01 vector to replace the gene segment of the HLA with its
tag to construct various HLA vectors. Then, we provided an innovative scheme to
design the tag sequences of various HLA vectors. The length of the tag sequences was
15 bp. In order to ensure each tag unique, tag sequence was derived from the
corresponding part of the various HLA. In addition, the design of the tag sequences
for HLA-A, HLA-B and HLA-C respectively were different and described below. The

tag of HLA-A*a:3 designed was derived from the first sequence at positions (a0 x 3 +

11
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1) to (a0 x 3 + 3) and the second sequence at positions (B x 3 + 1) to (B x 3 + 12) of
HLA-A*a:f sequence; The tag of HLA-B*a:p designed was derived from the first
sequence at positions (o X 3 + 1) to (a x 3 + 6) and the second sequence at positions
Bx3+1)to(Px3+9)of HLA-B*a:p sequence; The tag of HLA-C*a:[3 designed
was derived from the first sequence at positions (a X 3 + 1) to (o X 3 + 9) and the
second sequence at positions (f x 3 + 1) to (B x 3 + 6) of HLA-C*a:[3 sequence. For
instance, the tag of HLA-A*11:01 was derived from the first sequence at positions 34
(11 x3+ 1) to 36 (11 x 3 + 3) and the second sequence at positions 4 (01 x 3 + 1) to
15 (01 x 3 + 12) of the HLA-A*11:01 sequence. Thirty-nine HLA vectors
(supplemental table 1), including HLA-A*24:02 and HLA-A*02:01, were constructed

for future use.

5.3 Construction of the target cells

We designed overlapping ends on both sides of the antigen linker region
(supplemental table 2 SEQ ID NO. 3-4), and different gene segments of antigens can
be seamlessly assembled to the HLA vectors at the same time with only one cutting
and joining procedure. Specifically, we designed 2 recognition sites of restriction
enzyme BsmBI on the HLA vectors for replacing the gene segment of EGFP with the
gene segment of antigen, which can be used to construct the plasmid with

coexpressing patient HLA and antigen.

We first entrusted Synbio Technologies to synthesize the gene segments of the KRAS
G12D neoantigen (supplemental table 2 SEQ ID NO. 1) and its paired wild antigen
(supplemental table 2 SEQ ID NO. 2). Then, we excised the gene segment of EGFP
by restriction enzyme BsmBI (NEB) and recovered the HLA-A*11:01 vector without

EGFP from the gel (supplemental figure 4B). Gibson Assembly was performed to

12
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assemble the gene segments of the KRAS G12D neoantigen and its paired wild
antigen to the HLA-A*11:01 vector without EGFP respectively. The target plasmids
lenti-(HLA-A*11:01)-KRAS-M and  lenti-(HLA-A*11:01)-KRAS-W  were
constructed (supplemental figure 4A, supplemental plasmid sequence NO. 5-6). The
3290 bp gene segments were excised from the target plasmids respectively by
restriction enzymes EcoRI (NEB) and Notl (NEB) for verification (supplemental
figure 4C). Subsequently, the target plasmids and assistant plasmid pVSVg (AddGene
8454) and psPAX2 (AddGene 12260) were cotransfected into HEK293T cells for
producing lentivirus. Then, COS-7 cells were infected with the lentivirus and cultured
with 4 pg/ml puromycin (Sigma) for one week to establish stable target cells. DNA
was extracted from the target cells by TIANamp Genomic DNA Kit (TTANGEN)
following the protocol of the manufacturer. Sanger sequencing was further performed
to analyze the key sequence of the target plasmids. The sequence of primer was
shown as SEQ ID NO. 3 in supplemental table 5. In supplemental figure 4D, the
crimson parts of the picture represented the matching sequences sequenced by Sanger

sequencing, and the arrows represented the sequencing directions.
5.4 Validation and application of the Co-HA system

First, the expression of HLA-A*11:01, HLA-A*24:02, HLA-A*02:01 molecules in
the Co-HA system was validated by FCM. The antibodies used to detect the
expression of HLA-A*11:01 were FITC Mouse Anti-Human HLA-A (BD) and Cell
Viability Solution (BD). The antibodies used to detect the expression of
HLA-A*24:02 were Anti-HLA-A24 (Human) mAb-FITC (MBL) and Cell Viability
Solution (BD). The antibodies used to detect the expression of HLA-A*02:01 were
Mouse Anti-Human HLA-A2 (BD) and Cell Viability Solution (BD). Subsequently,
we cocultured 1x10° T cells (including 1x10° CD8" TCR-T cells) and 1x10* COS-7

13
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cells for 3 days. The COS-7 cells had 3 types: WT COS-7 cells, COS-7 cells
expressing the KRAS G12D neoantigen and COS-7 cells expressing its paired WT
antigen. Then, the specific proliferation of CD8" TCR-T cells was detected by FCM.

The antibodies were PE anti-mouse TCR B chain Antibody (BioLegend), FITC Mouse
Anti-Human CDS8 (BD) and Cell Viability Solution (BD). In addition, we performed a
series of cytotoxicity tests to detect the immunogenicity of the KRAS GI2D
neoantigen in the Co-HA system. The effector cells (1x10° TCR-T cells) and the
target cells (1x104 COS-7 cells) were cocultured for 12 hours. Then, the specific
secretion of IFN-y by the TCR-T cells against the KRAS G12D neoantigen was
detected by enzyme-linked immunospot assay (ELISPOT) and ELLASA. The effector
cells (1x105 TCR-T cells) and the target cells (1><104 COS-7 cells) were cocultured for
3 days. Then, the specific lysis of the COS-7 cells generated by the KRAS G12D
neoantigen in the Co-HA system was detected by Sanger sequencing. The effector
cells (1x10° TCR-T cells) and the target cells (1x10° COS-7 cells) were cocultured
following the protocol of the CytoTox 96® Non-Radioactive Cytotoxicity Assay
(Promega). Then, the specific cytotoxicity against COS-7 cells generated by the KRAS

G12D neoantigen in the Co-HA system was detected by ELISA for LDH levels.

For verification of new HCC-dominant neoantigens by the Co-HA system, the
effector cells were T cells amplified by potential neoantigens with PBMCs from

peptides. Other steps were same as above.
6. Amplification of neoantigen-specific T cells in peripheral blood

We produced the potential neoantigen peptides in GenScript and coincubated them
with 2x10° PBMCs/well to promote specific T-cell proliferation. They were cultured

in X-VIVO 15 medium (Lonza) supplemented with 5% Human AB serum (GemCell),

14

Chen P, et al. J Immunother Cancer 2023; 11:€006334. doi: 10.1136/jitc-2022-006334



BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) J Immunother Cancer

100 U/ml penicillin (GIBCO), 100 pg/ml streptomycin (Gibco), and 10 IU/ml IL-2
(R&D) for 3 weeks. Medium was replenished twice a week and 4 pM/ml peptides

were replenished weekly.
7. Tetramer staining
7.1 Generation of new specific tetramer using peptide exchange

New specific tetramers were generated by QuickSwitch Quant Tetramer Kit (MBL)
following the protocol of peptide exchange experiments provided by the manufacturer.
The predicted potential neoantigen peptides were loaded onto the tetramer at 2 mM
according to standard procedure. The reference peptide was loaded onto the same

tetramer at 1 mM.
7.2 Quantification of peptide exchange using flow cytometric sandwich immunoassay

All control samples were acquired following the protocol of the manufacturer. Then,
the following procedure to quantify the peptide exchange efficiency was performed by
flow cytometry (FCM): (1) 5 ul of Magnetic Capture Beads were pipetted to a flow

cytometer tube containing 200 ul 1x Assay Buffer and run as a “beads” control; (2)

Control #1 was bead-captured QuickSwitch Tetramer; (3) Control #2 was beads that
have not captured any tetramer and stained with exiting peptide antibody, and control
#3 (negative control) was beads that have captured the QuickSwitch Tetramer and
stained with exiting peptide antibody. (4) Peptide exchange samples were run, the
MFIgre of each was noted. Peptide-exchanged tetramers displayed various Exiting
Peptide amounts, which were inversely proportional to the newly loaded peptide on
the HLA molecules. Control #4 was the reference peptide; (5) The percentages of
peptide exchange of each peptide exchange samples were calculated. Tetramers bound

to T-cell receptors via three HLA/peptide monomers'*>**\. Therefore, the minimal
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recommended peptide exchange percentage should be 75%.

7.3 Detection of the neoantigen-specific T cells in peripheral blood by Tetramer

staining

The cells tested were re-suspended at a concentration of 2x10” cells/ml. 50 pl of
samples was prepared for tetramer staining. 10 pl Clear Back (MBL), a human FcR
blocking reagent for reducing nonspecific staining, was added to each tube. They
were incubated for 5 min at room temperature. 10 pl of tetramer was added and
vortexed gently. They were protected from light and incubated for 30 min at room
temperature. FITC Mouse Anti-Human CD8 (BD) was added and vortexed gently.
They were protected from light and incubated for 20 min at 4 °C. PBS was used to
rinse for 3 times. The cells were resuspended in 500 pl of PBS with Cell Viability

Solution (BD) and tested by FCM immediately.
8. Antitumor efficacy of ENTPD6 neoantigen-specific T cells in vivo

The ENTPD6 neoantigen-specific T cells from patient 04 were sorted by FCM after
tetramer staining (supplemental figure 10A). The survival rate of the
neoantigen-specific T cells sorted by FCM and cultivated in vitro (supplemental
figure 10B). The Huh-7 cells coexpressing HLA-A*24:02 and ENTPD6 neoantigen
were selected as the target cells (supplemental figure 9A), and then implanted into the
B-NDG-B2m™ Fern™ ™" /Bcgen  mouse model. When tumor size was
approximately 150 + 50 mm?®, they were treated with the neoantigen-specific T cells
(0.5x10°) through intratumor injection every 2 days. In addition, the key sequences of

the ENTPD6 in tumors were detected by Sanger sequencing.
9. Quantification and statistical analysis

Statistical analyzes were conducted using GraphPad Prism 8.0.2 software. A 2-tailed P
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value < 0.05 was considered significant. The method for two group comparison is

2-tailed unpaired f test.

SUPPLEMENTAL FIGURES
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Supplemental figure 1 The construction of the KRAS G12D TCR plasmid. (A) The map of the
KRAS G12D TCR plasmid. (B) Validation of the KRAS G12D TCR plasmid by gel electrophoresis.
Lane M shows the DNA marker, lane 1 shows the TCR plasmid digested by BamHI and NoTI,
lane 2 shows the TCR plasmid digested by BamHI, and lane 3 shows the TCR plasmid without
digestion. (C) The established KRAS G12D TCR-T cells and the key sequence of the TCR-T cells

analyzed with Sanger sequencing.
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Supplemental figure 2 Schematic for the establishment and validation of the Co-HA system by
the KRAS G12D TCR-T cells. HLA, human leukocyte antigen; IFN-y, interferon-y; LDH, lactate
dehydrogenase; ELISPOT, enzyme-linked immunospot assay; ELISA, enzyme-linked

immunosorbent assay.
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Supplemental figure 3 The construction of the HLA vectors. (A) The map of the HLA-A*11:01
vector. (B) Validation of the HLA-A*11:01 vector by gel electrophoresis. Lane M shows the DNA
Marker, lane 1 shows the HLA-A*11:01 vector digested by BamHI and Xhol, and lane 2 shows
the HLA-A*11:01 vector without digestion. (C) The key sequence of the HLA-A*11:01 vector
analyzed with Sanger sequencing. (D) The expression of prevalent HLA molecules in the COS-7
cells constructed by the Co-HA system. HLA, human leukocyte antigen.
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Supplemental figure 4 The construction of target cells coexpressing HLA-A*11:01 and antigens.
(A) The maps of the target cell plasmids. (B) The construction of HLA*11:01 vector without
EGFP. To insert the gene segment of the antigen, the gene segment of EGFP in the vector was
released from the vector by cleavage with the restriction enzyme BsmBI. Lane M shows the DNA
Marker and lane 1 shows the HLA-A*11:01 vector digested by BsmBI. (C) Validation of the target
cell plasmids by gel electrophoresis. Lane M shows the DNA marker, lanes 1 and 3 show the
target cell plasmids digested by EcoRI and Notl, and lanes 2 and 4 shows the target cell plasmids
without digestion. (D) The key sequences of HLA-A*11:01-KRAS-W or HLA-A*11:01-KRAS-M
in the COS-7 cells analyzed with Sanger sequencing. HLA, human leukocyte antigen.
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Supplemental figure 5 The mutation spectrum of tumor tissues of HCC patients in databases. (A)
The proportions of base substitution subtypes of the samples in TCGA-LIHC dataset. (B) Reference of
mutational signatures of tumors in COSMIC database. (C) The key mutated genes and the TMB of the
samples in TCGA-LIHC dataset. TCGA-LIHC,
The Cancer Genome Atlas Liver Hepatocellular Carcinoma; COSMIC,
Catalogue Of Somatic Mutations In Cancer.
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