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Abstract

Accumulated clinical data of immune checkpoint blockades have suggested the im-
portance of neoantigens in cancer immunity. Tumor antigens are released from dead
cancer cells together with cellular components, such as damage-associated molecular
patterns (DAMPs), into the tumor microenvironment. We recently reported that high
mobility group box 1 (HMGB1), a representative DAMP molecule, showed a nega-
tive impact on anti-tumor immunity. However, a positive role of HMGBL1 in the initia-
tion of innate and subsequent adaptive immunity has also been demonstrated; thus,
the effects of HMGB1 on anti-tumor immunity have not been well understood. In
this study, we identified nine immunogenic neoantigen epitopes of B16F10 murine
melanoma cells and subsequently investigated the effects of suppression of HMGB1
on the induction of neoantigen-specific immunity using HMGB1-knockout tumors.
Neoantigen-reactive T cells were expanded in B16F10 tumor-bearing mice, and T cell
receptor repertoire analysis suggested that neoantigen-reactive T cells were oligo-
clonally increased in B16F10 tumor bearers. An increase of neoantigen-reactive
T cells and oligoclonal expansion of the T cells were similarly detected in HMGB1-
knockout tumor-bearing mice. The induction of neoantigen-specific immunity under
the suppression of HMGB1 in the tumor microenvironment shown in this study sup-
ports further development of combination therapy of HMGB1 suppression with
neoantigen-targeted cancer immunotherapies, including immune checkpoint block-

ade therapy.
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1 | INTRODUCTION

Cancer immunotherapy, particularly immune checkpoint blockade
(ICB) therapy, has become a major modality of cancer treatment for
various cancers. Accumulated clinical data suggest that cancers with

a high tumor mutation burden (TMB) are more effective targets of

ICB therapy.1'4 Nonsynonymous mutation in cancer cells generates
neoantigens; thus, cancers with a high TMB have a greater number of
neoantigens than low-TMB cancers.>* These findings also suggest the
importance of neoantigen-induced immunity in ICB therapy.?® The
clinical efficacy of ICB monotherapy is limited, and combination ther-

apies of ICBs with other therapeutic modalities are currently under
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development.®=® Cancer vaccine therapy is one of the promising mo-
dalities of combination therapy. We previously developed a personal-
ized peptide vaccine, in which three or four peptides are selected for
vaccination from a peptide panel consisting of 31 CTL-epitope pep-
tides according to the patient's HLA-A locus type and pre-existing im-
munity.”*! During the past two decades, we have conducted several
clinical trials of personalized peptide vaccine therapy in patients with
various advanced cancers.”*! Vaccine therapy has shown clinical ben-
efits in some patients; however, the effect is limited, similarly to that of
ICB monotherapy.'®! Like most cancer vaccines developed by other
groups, our cancer vaccine used non-mutated tumor antigens.” ™
However, after the discovery of the importance of neoantigen-
reactive immunity in ICB therapy, the trend in cancer vaccines has
been to switch from non-mutated antigens to neoantigens in the
hopes of surpassing the equivocal success of existing vaccines.'418
Tumor antigens are released to the tumor microenvironment
(TME) from dead cancer cells, together with cellular components, such
as damage-associated molecular patterns (DAMPs), also called alarm-
ins.1?20 The effects of tumor-derived DAMPs on anti-tumor immunity
have not been well understood. We recently reported that high mobil-
ity group box 1 (HMGB1), a representative DAMP molecule, showed
a negative impact on anti-tumor immunity.?* Namely, knockout (KO)
of HMGB1 in the tumor cells using CRIPR/Cas9 suppressed in vivo
tumor growth mediated by host CD8 T cells and accelerated infiltra-
tion of T cells as well as macrophages and dendritic cells (DCs) into the

tumor tissues.?! Our previous study?? as well as others?3-2°

regarding
the anti-tumor effect of HMGB1 inhibitors, suggested a possible ap-
plication of suppression of tumor-derived HMGB1 to cancer immuno-
therapy, such as ICB and neoantigen vaccine therapies.?*2° Although
most previous studies supported the negative effect of HMGB1 on

21-25

anti-tumor immunity, a positive role of HMGB in the initiation of

innate and subsequent adaptive immunity has also been shown.?¢%’
Namely, the binding of HMGB1 to receptors, such as Toll-like receptor
(TLR)-2, TLR-4, and the receptor for advanced glycation end products
(RAGE), on macrophages and dendritic cells induces proinflammatory
cytokines through activation of interferon regulatory factor-3 (IRF3)
and subsequently triggers innate immunity.?”?® Therefore, it is still
unclear whether the suppression of HMGB1 in the TME would affect
the induction of anti-tumor immunity.

In this study, we identified immunogenic neoantigens of B16F10
murine melanoma cells and subsequently investigated the effect of
the suppression of HMGB1 on the induction of neoantigen-specific
immunity using HMGB1-KO tumors.

2 | MATERIALS AND METHODS

2.1 | Mice

Seven-week-old female C57BL/6J (B6) mice were purchased from
CLEA Japan (Tokyo, Japan) and housed under specific pathogen-
free conditions in the animal facility of Kurume University School of
Medicine. All animal experimental protocols were approved by the
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Institutional Animal Care and Use Committee of Kurume University
(approval no. 2019-030) in accordance with the national guidelines
on the care and use of laboratory animals. In the tumor transplan-
tation experiments, tumor size was measured every 2 or 3days.
Humane endpoints in this study were as follows: (1) tumor size
reached >20mm in diameter, (2) lethargic condition, and (3) 60days
after tumor transplantation. To obtain tumor tissues or lymphoid tis-
sues, the mice were euthanized by cervical dislocation. Experimental
groups and the number of mice in each group were as follows: in
vivo immunogenicity analysis consisted of 50 mutated and control
Trp2 peptide groups (n = 3) for the first screening and 10 mutated,
10 wild-type (WT), and control Trp2 peptide groups (n = 3) for the
second screening; neoepitope reactive T cell analysis consisted of
WT, G9, and A10E2 tumor-bearer groups (n = 3) at days 9 and 14
of tumor transplantation; T cell receptor (TcR) repertoire analysis of
neoantigen immunized mice consisted of nine mutated and control
Trp2 peptide groups (n = 3); TcR repertoire analysis of tumor-bearing
mice consisted of WT, G9, and A10E2 tumor groups (n = 3).

2.2 | Cells

Murine melanoma B16F10 cells were purchased from the American
Type Culture Collection (ATCC) through Summit Pharmaceuticals.
The cells were cultured in high glucose D-MEM (Fujifilm Wako Pure
Chemical, Osaka, Japan) supplemented with 10% FCS (Thermo
Fisher, Waltham, MA), L-glutamine, and 50 pg/ml gentamicin at 37°C
in a 5% CO, incubator. The B16F10-derived HMGB1-KO clones (G9
and A10E2) were previously established in our laboratory.?! The lin-
ear donor was inserted around cDNA position 198 in exon 2 of the
HMGB1 gene, which was 25 nucleotides downstream of the initia-
tion codon, and all the functional domains of HMGB1 were disrupted
in these KO clones. The KO cells from frozen stock were used within
1month of in vitro culture after thawing. Under this condition, no
expression of HMGB1 was confirmed.

2.3 | Whole-exosome sequencing and RNA-Seq

Genomic DNA and RNA samples of B16F10 cells were prepared
using NucleoSpin Blood (TaKaRa Bio, Kusatsu, Japan) and TRIzol
(ThermoFisher), respectively, according to the manufacturer's in-
structions. Whole-exosome sequencing and RNA-Seq were per-
formed by the Kazusa DNA Research Institute using HiSeq 1500
(Hlumina). A total of 848 gene mutations, including 566 nonsynony-

mous mutations, were detected.
2.4 | Prediction of MHC class-I binding and
peptide synthesis

Potential peptides containing the nonsynonymous mutations in the
sequences that would bind to H-2K® or H-2DP were predicted using



WAKI ET AL.

LBRWATS 2 Cancer SCience

the Immune Epitope Database (IEDB) MHC-I binding predictions
with the NetMHCpan algorithm.?’ We obtained 602 peptide se-
quences, both of 9-mer and 10-mer, that seemed to have potential
for H-2K® or H-2D" binding. After excluding sequences expected
to be difficult to synthesize and solubilize, we selected the top 50
sequences with high affinity to H-2K® or H-2DP (IC50<283nM)
and had the peptides synthesized by GenScript (Piscataway, NJ).
The purity of the peptides was 270%. Each peptide was dissolved
in dimethyl sulfoxide (Fujifilm Wako Pure Chemical) at a concen-
tration of 10 mg/ml and stored at -80°C. Just before use, the
peptide stock solution was diluted to a concentration of 0.5 mg/
ml with PBS and used as a working solution. Tyrosinase-related
protein 2 (Trp2), a melanocyte differentiation antigen expressed
in B16 melanoma cells, TRP2-derived H-2KP-restricted peptide
(SVYDFFVWL)®® was purchased from MBL and used as a positive

control.

2.5 | Invivo immunogenicity of neoantigens

Each peptide was solubilized in dimethyl sulfoxide and diluted
by PBS. A total of 0.2 ml of 50 ug peptide with 50 pg of poly (I:C;
InvivoGen; San Diego, CA) was subcutaneously (s.c.) injected
into the tail base of C57BL/6 mice (n = 3) on days O and 7. Mice
were killed on day 14, and the spleens were obtained. In vivo im-
munogenicity was assessed by IFN-y enzyme-linked immunospot
(ELISPOT) assay for individual mice; 5x10° of spleen cells from im-
munized mice were mixed with 5 x 10* of bone marrow-derived DCs
and cultured in the presence or absence of 2 pg/ml peptide for 18h
in wells of a 96-well MutliScreen HA plate (Millipore) coated with
10 pg/ml of anti-mouse IFN-y mAb (AN18, Mabtech, Nacka Strand,
Sweden) with X-vivo 15 (Lonza) and supplemented with 2mM L-
glutamine, 10mM HEPES and 50 pg/ml gentamicin at 37°C in a 5%
CO, incubator. After washing away the cells, the plate was incubated
with 1 pg/ml of biotinylated anti-mouse IFN-y Ab (R4-6A2, Mabtech)
for 2 h at room temperature (rt), followed by 1 h incubation of
1:1000-diluted ExtrAvidin-alkaline phosphatase (Sigma-Aldrich) at
rt. IFN-y-producing cell spots were visualized using a SIGMAFAST
BCIP/NBT tablet (Sigma-Aldrich) and counted using an ImmunoSpot
Analyzer (Cellular Technology). DCs were prepared according to the
previous reports.®! In brief, bone marrow cells from C57BL6 mice
were suspended in 10% FCS-RPMI1640 medium (Nacalai Tesque,
Kyoto, Japan) supplemented with 50 uM 2-mercaptoethanol, 20ng/
ml GM-CSF (PeproTech, Cranbury, NJ) and 20ng/ml IL-4 (PeproTech)
at adensity of 2.5 x 10° cells/ml, and 12 ml of the cell suspension was
placed into a T75 flask and cultured at 37°C in a 5% CO, incubator.
On day 3, an additional 12ml of medium was added to the flask, and
on day 6, the cells were harvested, resuspended in 12ml of fresh
medium and returned to the original flask. On day 9, the cells were
harvested and stored in an LN, tank. The quality of the DC prepara-
tions was as follows: CD11c* 78.7% (95%Cl 73.1-84.1), I-A* 50.3%
(95%Cl 42.7-57.8), CD11b* 67.1% (95%Cl 61.0-73.2), CD86" 32.1%
(95%Cl 27.4-36.9), and CD40" 40.1% (95%Cl 35.9-44.4). One day

before use, the cells were thawed, washed, and cultured with 20ng/
ml IL-4 at 37°C.

2.6 | T-cell receptor repertoire analysis

RNA samples of day 14 spleen cells from mice (n = 3) immunized on
days 0 and 7 with each neoantigen peptide or Trp2 peptide (50 ug)
with 50 pg of poly (I:C) were prepared using RNeasy Plus Universal
Mini Kit (QIAGEN) according to the manufacturer's instructions
and subjected to TcR repertoire analysis. From tumor-bearing mice
(n = 3), the spleens and tumor tissues were harvested on day 14. For
tumor-infiltrated lymphocytes (TIL) isolation, 1- to 2-mm? blocks of
tumor tissue were cultured in individual wells of a 24-well plate with
2 ml RPMI (Nacalai Tesque) supplemented with 10% FCS, 25mM
HEPES, 2mM L-glutamine, 50 pM 2-mercaptoethanol, 50 pg/ml gen-
tamicin, and 6000 units/ml IL-2 (Imunace 35, Shionogi, Osaka, Japan).
On day 7, half the culture medium was replaced with fresh medium
and TILs were harvested on day 8. RNA samples of day 14 spleen
cells and TILs were prepared using NucleoSpin RNA Plus (TaKaRa
Bio) according to the manufacturer's instructions and subjected
to TcR repertoire analysis. Genes encoding the complementarity-
determining region 3 (CDR3) of TcR-p were analyzed by Takara Bio
or Repertoire Genesis (Ibaraki, Japan) using a SMARTer Mouse TcR
a/p Profiling Kit (Clontech) with a MiSeq next-generation sequencer

(Hlumina).

2.7 | Neoepitope reactivity of T cells

Wild-type or HMGB1-KO clones (G9 and A10E2) of B16F10 cells
(1 x10% were s.c. injected into the flanks of Bé mice on day O; the
mice were killed on days 9 or 14, and their spleens were obtained.
The spleen cells were suspended in X-vivo 15 supplemented with
L-glutamine, 50 pM 2-mercaptoethanol, 50 pg/ml gentamicin, and
20units/ml IL-2 (Shionogi) at a concentration of 5 x10° cells/ml.
One milliliter of cell suspension with 10 pg of neoepitope peptide
was cultured in individual wells of a 24-well plate at 37°C in a 5%
CO, incubator. On day 3 of culture, half the volume of the medium
was replaced with fresh medium containing the peptide and IL-2. On
day 6, the cells were harvested. After washing, the cells were resus-
pended in the medium without IL-2 and further cultured in an IFN-y
ELISPOT plate (2 x 10° cells/0.2 ml/well) in the presence or absence
of the peptide (2 pg/well). After 18h culture, IFN-y-producing cell

spots were visualized and counted by ImmunoSpot Analyzer.

2.8 | Statistical analysis

Differences between two groups were analyzed using Student's
t-test. p-values<0.05 were considered statistically significant.
Statistical analyses were performed using JMP Pro version 15 soft-
ware (SAS Institute).
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chosen, and custom-made synthetic peptides were obtained. The

sequences and characteristics of the 50 mutated peptides are shown

WAKI ET AL.
3 | RESULTS
3.1 | Identification of CTL-epitopes of neoantigens in Table S1.

Whole-exosome sequencing and RNA-seq of B16F10 cells identi-
fied a total of 848 gene mutations, including 566 nonsynonymous
mutations. We obtained 1207 9-mer or 10-mer peptide sequences
possessing the potential for H-2K® or H-2DP binding. The 1C50s of
the binding affinity ranged from 6.29 to 39,004nM. The IC50s of
the mutated peptide sequences were compared with those of the
non-mutated WT sequences:

Affinity index (Al) = IC50 of WT sequence/IC50 of mutated
sequence.

We selected 602 mutated peptide sequences with Al=1 and
further categorized them into three groups as follows: “fair” pep-
tides with 5 >Al>1, “good” peptides with 10 >Al>5, and “very
good” peptides with Alz10. Using this category, we obtained 525
fair, 46 good, and 31 very good peptides from the total 602 mu-
tated peptides. After excluding several sequences with high con-
tents (>70%) of hydrophobic residues (without acidic or basic
residues) that were expected to be difficult to synthesize and sol-
ubilize in physiological buffers, 50 mutated peptide sequences with
higher binding affinity (IC50<283nM) to H-2K® or H-2D° were

(A) First vaccination

3.2 | Invivoimmunogenicity of the neo-
epitope peptides

Each of the 50 selected mutated peptides was s.c. injected to three
mice on days 0 and 7, and the spleen cells were obtained on day 14
and subjected to IFN-y ELISPOT assay (Figure 1A). Representative
images of positive (Trp-2 and Mu19) and negative (Mu13) wells of
spleen cells from peptide-immunized mice are shown in Figure 1B.
Spot numbers of IFN-y-producing cells for positive peptides are
shown in Figure 1C. Each bar shows the results for an individual
mouse. In the first screening, 10 peptides expressed immunogenicity
under the present system while the remaining 40 peptides showed
no positive responses. In the second screening, those 10 peptides
were subjected to the same procedures, and the immunogenicity of
all 10 peptides was confirmed. The in vivo immunogenicity of WT
sequence peptides corresponding to the 10 neoepitope peptides is
also shown in Figure 1C. The WT peptide (W43) corresponding to
the Mu43 peptide showed a positive response. Therefore, Mu43

Second vaccination

P
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50 id IFN-y ELISPOT assay
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Kg poly cells w/wo peptide
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. Mu3 Mu3 W3
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IFN-y ELISPOT assay (A). Representative g Mu9 Mu19 e
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TABLE 2 Function of neoantigen encoded genes

Mutated Gene

peptide name symbol Gene name

Mul Lins Lines homolog 1

Mu3 Alms1 ALMS1, centrosome and basal body
associated

Mu8 Tulp2 Tubby-like protein 2

Mul9 Map3ké Mitogen-activated protein kinase kinase
kinase 6

Mu26 Herc2 HECT and RLD domain containing E3
ubiquitin protein ligase 2

Mu28 Actn4 Actinin alpha 4

Mu3é Arvcf Armadillo repeat gene deleted in
velocardiofacial syndrome

Mu42 Tmem39%a Transmembrane protein 39a

Mu50 Map1s Microtubule-associated protein 1S

= 4087
Cancer Science A yinsam.

GenBank

accession number Function?

NM_152815 Unknown

NM_145223 Alpha-actinin binding, microtubule binding

NM_001045555 Phosphoric diester hydrolase activity,

protein-containing complex binding

NM_016693 MAP kinase kinase kinase activity
NM_010418 Transferase activity, DNA repair related
NM_021895 Transcription coactivator activity, protein

homodimerization activity

NM_001272028 Cadherin binding, protein binding, cell

adhesion-related

NM_001205286 Unknown

?Functions were searched by NCBI ‘Gene’, https://www.ncbi.nlm.nih.gov/gene.

Wild peptide No tumor
No peptide No peptide No peptide
Trp2 | Trp2 Trp2
w1 Mu 1 Mu 1
W3 |m Mu 3 Mu 3
w8 Mu 8 Mu 8
W19 Mu 19 Mu 19
W26 Mu 26 Mu 26
W28 Mu 28 Mu 28
W36 Mu 36 Mu 36
W42 Mu 42 Mu 42
W50 Mu 50 Mu 50
0 500 1000 0 500 1000

0 500 1000

NM_173013 DNA binding, actin filament binding,
microtubule binding
WT G9 A10E2

No peptide No peptide

Trp2 Trp2

Mu 1 * Mu 1

Mu 3 * Mu 3

Mu 8 * Mu 8

Mu 19 * Mu 19

Mu 26 Mu 26

Mu 28 Mu 28

Mu 36 Mu 36

Mu 42 Mu 42

Mu 50 * Mu 50

0 500 1000 0 500 1000

IFN-y producing cells/2 x 10° cells

FIGURE 2 Neoantigen reactivity of T cells from tumor-bearing mice. Wild-type (WT) and two HMGB1-KO clones (G9 and A10E2)

of B16F10 cells were s.c. transplanted on day 0, and spleen cells were obtained on day 9 from tumor-bearing mice or control non-tumor
bearers. After 6days in vitro culture with one of the neoantigen peptides or control Trp2 peptide, the cells were subjected to IFN-y ELISPOT
assay. In vitro immunogenicity of wild-type peptides was also examined using spleen cells from non-tumor bearers. The error bar shows the
standard error of the mean. *Significantly different from no-tumor controls, p <0.05

peptides. In the increased peptides, the indexes of HMGB1-KO
tumor-bearers on day 9 were at roughly the same levels as those
of the WT tumor-bearing mice, and the indexes of HMGB1-KO
tumor-bearers in some peptides were decreased on day 14. These
results might reflect the degree of antigen exposure because the
size of HMGB1-KO tumors was markedly smaller than that of WT
tumors on day 9 or later.

3.5 | T cell receptor repertoire of neoantigen
peptide-immunized mice

The CDRS3 of TcR-p in spleen cells from mice immunized with each
neo-epitope peptide were analyzed. Nucleotide sequences, usage of
V-, D-, and J-alleles and amino acid sequences of the CDR3 of the
top 10 TcR clones of the neo-epitope peptide-immunized mice are
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FIGURE 3 “IFN-y ELISPOT index.”
The ratios of IFN-y-producing cells in the
spleens on days 9 or 14 of tumor-bearing
mice to those of non-tumor controls were
plotted for each peptide
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TABLE 3 Neoantigen-reactive TcR clones were expanded in the wild type as well as HMGB1 knockout B16F10 tumor-bearing mice®

Mutated
peptide
name

Mul

Mu3

Mu8

Mu26

Mu28

Mu36
Mu42

Mu43

Mu50

Trp2

TcR B-chain CDR3
amino acid sequence

CASSPTGGLSYEQYF
CASSTGGYAEQFF
CASSQEAISNERLFF
CASSLTGGASQNTLYF
CASSAGENTLYF
CASSPGQISNERLFF
CASSHRDYAEQFF
CTCSADGANTGQLYF
CASSQGLGGEQYF
CASSGDRVGNTLYF
CASSPGHNNQAPLF
CASSLEGSQNTLYF
CASSPGQNSDYTF
CASSLTGASQNTLYF
CASSSGTGVLEQYF
CASSPWGSGNTLYF
CASSPGTTNTEVFF
CASSEGQGASYEQYF
CASSQGTTYNSPLYF
CASSLTGSSYEQYF
CGARDWGSSYEQYF
CASSLGDRGLAEQFF
CASSLLGGRSAETLYF
CASSPDNYEQYF
CASSPGGAETLYF

Peptide immune®

Spleen

Frequency (%)

0.095
0.051
0.047
0.151
0.068
0.094
0.057
0.055
0.275
0.162
0.082
0.110
0.156
0.128
0.135
0.129
0.088
0.048
0.048
0.042
0.042
0.142
0.070
0.069
0.062

Non-immune®

Spleen

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

WT, Day 14¢ G9, Day 14¢ A10E2, Day 14¢
Spleen TIL Spleen TIL Spleen TIL
0.000 0.000  0.000 0.000  0.029 0.000
0.000 0.000  0.003 0.000  0.000 0.005
0.000 0.000  0.000 0.000  0.017 0.000
0.000 0.000  0.003 0.000  0.000 0.000
0.000 0.000  0.004 0.000  0.000 0.000
0.014 0.000  0.000 0.001  0.000 0.003
0.006 0.000  0.000 0.000  0.000 0.000
0.033 0.000  0.000 0.000  0.000 0.000
0.000 0.000  0.000 0.000  0.000 0.001
0.000 0.000  0.000 0.045  0.000 0.000
0.000 0.000  0.000 0.006  0.000 0.001
0.000 0.000  0.003 0.000  0.013 0.000
0.022 0.000  0.016 0.006  0.000 0.000
0.000 0.000  0.000 0.000  0.014 0.000
0.000 0.016  0.000 0.000  0.000 0.000
0.000 0.000  0.002 0.000  0.000 0.000
0.000 0.000  0.006 0.012  0.000 0.000
0.000 0.000  0.002 0.000  0.000 0.000
0.000 0.000  0.001 0.000  0.000 0.000
0.010 0.000  0.000 0.000  0.000 0.057
0.007 0.000  0.022 0.000  0.002 0.000
0.000 0.000  0.000 0.000  0.000 0.001
0.000 0.000  0.015 0.000  0.000 0.000
0.013 0.000  0.000 0.000  0.001 0.000
0.000 0.000  0.000 0.000  0.005 0.000

?Frequency in the spleens and tumor-infiltrated lymphocytes (TILs) of wild-type (WT), G9, and A10E2 tumor-bearing mice of the top ~15 of abundant
CDR3aa detected in the mutated peptide immunized mice was analyzed and CDR3aa detected (more than 0.001%) in any of WT, G9, or A10E2
tumor-bearing mice or non-immune mice are shown. Values more than 0.001% are shown in bold.

bSpleen cells from mutated or Trp2 peptide immunized mice were used for the analysis.

“Spleen cells from non-immune naive mice were used for the analysis.

dSpleen cells TILs from WT, G9. or A10E2 tumor-bearing mice were used for the analysis.
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shown in Table S2. Amino acid sequences of the CDR3 of TcRmu3.1
and TcRmu3.5 were identical, although nucleotide sequences of
the clones differed. Therefore, the frequency of the same CDR3
usage at amino acid levels was expected to be higher. Indeed, the
CDR3 amino acid sequence of the TcRmu3.1 or TcRmu3.5 clone,
“CASSLDGDTLYF,” shared two more TcR clones. The number of TcR
clones sharing the same CDR amino acid sequence ranges from one
to eight in the 10 various neo-epitope peptide-immunized groups
(Table S3).

3.6 | T cell receptor repertoire of tumor-
bearing mice

The CDR3 usage at amino acid levels (CDR3aa) in the spleens and
TILs of WT, G9, and A10E2 tumor-bearing mice were further ana-
lyzed. The frequencies in the spleens and TILs of WT, G9, and A10E2
tumor-bearing mice of the top ~15 most abundant CDR3aa detected
in the neoantigen peptide-immunized mice were analyzed, and the
CDR3aa detected (20.001%) in WT, G9, and A10E2 tumor-bearing
mice are shown in Table 3. The number of positive (>0.001%) CDR3aa
in the spleen cells and TILs in each tumor group were as follows: 7
and O for WT, 8 and 4 for G9, and 7 and 5 for A10E2, respectively.

4 | DISCUSSION

We identified nine immunogenic neoantigen epitopes from 848 gene
mutations, including 566 nonsynonymous mutations of B16F10
cells. Most of the gene mutations coding neoepitopes (Table S1)

were included in a recent report by Lam et al.?

as supplementary
data but not in the earlier study by Castle et al.>® These differences
might be due to the progress of next-generation sequencing tech-
nology rather than to differences in the cells used since all B16F10
cells used in these three studies were obtained from ATCC. It is
worth noting that for some reason, we did not detect the gene mu-
tation encoding as promising neoantigens in the previous studies.
Therefore, we did not compare the neoantigen peptides identified in
the present study and the previously identified neoantigen peptides.

Four of the nine neo-epitope peptides (Mu3, Mu28, Mu42,
and Mu50) contained mutations at the anchor residue for binding
to H-2K molecules. These mutations at anchor residues caused
an increase of binding affinities to the H-2K" molecules; that is,
the binding affinities of the mutants were 11.2-, 1.94-, 3.28-, and
1.50-fold higher than those of the WT peptides, respectively
(Table 1). However, no apparent differences in binding affinities
were observed between the anchor-residue mutation group and the
nonanchor-residue mutation group of 10 peptides. Similarly, there
was no difference in immunogenicity between the anchor- and
nonanchor-residue mutations (Figure 1C). Preliminary results in a
prophylactic vaccination model showed that some of the peptides
(Mu36, Mu42) exhibited vaccination efficacy (Figure S1). These pre-
liminary results again showed that there was no difference between
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the anchor- and nonanchor-residue mutations. A previous report
suggested that some neoantigen peptides could function in an inhib-
itory manner.®2 However, our preliminary results in a prophylactic
vaccination model did not show the inhibitory effects (Figure S1).

The IFN-y ELISPOT assay demonstrated that neoantigen-reactive
T cells were increased in B16F10 tumor-bearing mice. TcR reper-
toire analysis suggested that neoantigen-reactive T cells were oligo-
clonally increased in B16F10 tumor bearers. These results indicate
that the nine neoantigen peptides induced CTLs in the HMGB1-KO
as well as the WT B16F10 tumor-bearing mice. The ratio of IFN-y-
producing cells in WT tumor-bearing mice to IFN-y-producing cells in
the non-tumor bearers on day 14 was increased or roughly the same
as that on day 9. By contrast, the ratio of IFN-y-producing cells in
HMGB1-KO tumor-bearers to IFN-y-producing cells in the non-tumor
bearers on day 14 was decreased compared to that on day 9 for most
peptides. These results might reflect the amount of tumor antigens
released to the TME and the subsequent exposure of the immune
systems to these antigens, since the size of HMGB1-KO tumors was
markedly smaller than that of WT tumors after day 9; that is, the
tumor sizes of WT, G9, and A10E2 mice at day 14 were 1024 + 391,
86+19, and 278+ 119 mm?, respectively (data not shown).

We previously suggested that suppression of tumor-derived
HMGB1 might be a strategy for improving the clinical outcomes of
cancer immunotherapies, including ICB and cancer vaccine thera-
pies.?t??2 HMGB1-targeted gene editing as well as HMGB1 inhibi-
tors are among the possible manipulation tools to suppress HMGB1
in the TME. In the present study, expansion of neoantigen-reactive
T cells was observed in the WT tumor-bearing mice at both the
IFN-y ELISPOT and TcR repertoire levels, and a similar increase of
neoantigen-reactive T cells was observed in the HMGB1-KO tumor-
bearing mice. These results suggested that the suppression of
tumor-derived HMGB1 in the TME did not inhibit the induction of
neoantigen-specific immunity.

In conclusion, we identified neoantigens of B16F10 murine mel-
anoma cells and demonstrated that suppression of HMGB1 in the
TME did not inhibit the induction of neoantigen-specific immunity.
These results support further development of therapies combining
HMGB1 suppression with neoantigen-targeted cancer immunother-

apies, including ICB therapy.
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