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Development of driver mutation-specific novel neoantigen vaccines based on
cancer genome analysis
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Investigation of immunogenic neoantigens derived from cancer somatic
mutations has been conducted, but a comprehensive approach to the identification of neoantigens
based on driver mutations has not been performed. In this study, to explore cancer driver mutations
as potential targets for immunotherapy, we searched for high-frequency cancer driver mutations and
extracted mutations in 5 genes, TP53, EGFR, PIC3CA, KRAS and BRAF, using genome sequence data for 5,
143 cancer patients enrolled in the comprehensive genome analysis project HOPE. We selected 138
driver mutation-derived peptide candidate using in silico analysis and narrow downed them to 27
peptides using a MHC stabilization assay with monoallelic HLA-class I-expressing B cell clone, which

was established from TISI cell line by ?enomic editing. These results suggest that the
MHC-stabilization assay using a monoallelic HLA-expressing B-cell clone is useful to evaluate the
antigen-presenting properties of neoantigen peptides.

MHC



5,000 HOPE
in silico

Nonomura C, et al., Immunol Lett 2019

HOPE
5,000
in silico in vitro MHC
2014 HOPE
WES GEP
1
B 1. %A TFUoFFoRTFREII D EE LB EERHT
RRERAZ7FFEERK

CTLEER7vt4
aa---M---aaa
a aaa***M---aaa ﬁ MHC stabilization assay
@»l e

' IFN-y production assay

vorem KBRS —Ur % ERPS RPN b rect st ﬁ&l
IR mu\sﬁvmagﬁé?;?m (ATE28-9 mer ST T RO A '77355531"55%
B RHEFED
YEal.—ira
HOPE 5,000
[KRAS, PIK3CA, EGFR, TP53, BRAF ( 1 2850 hotspot
10 50 HLA-
Class I(A,B,C) 10 HLA
NetMHC ver4.0, http://www.cbs.dtu.dk/services/NetMHC/
2 BA  1C50<1000nM
EL %Rank<1% 183
1% HOPE
TCGA



HOPE(

) HLA
HLA-class |

B monoallelic HLA-class | gene-expressing TISI clone

HOPE [KRAS, PIK3CA, EGFR, TP53, BRAF
( ] hot spot 50 1%
21 HOPE TCGA 11
10 HOPE( ) ( 3
2 hotspot 1
in silico BA  1C50<1000nM
EL %Rank<1% topl0 HLA-class |
183 HLA
HLA-A2, All, A3l HLA-A24
o e ot HOPE  TCGA
€ (Cancer HotSpots)
Estimated patients number mut Freq.
(Mutation frequency) x (HLA-allele frequency) > 0.1 % 1% 11 mut

N
Predicted epitope presentation in top 10 frequent
HLA-A, B, C alleles

N
Expected epitope peptide processing
Mo proline in -1~-3 positon, Cysteine < 2
N
Confirmed HLA presentation by MHC-stabilization
AHLA-class-l = 20 % (HLA-A®02:01, -A®11:01, -A*24:02, -A*33:03)
N
27 candidate targets epitopes

KRAS, TP33, PIK3CA
EGFR, BRAF

EGFR, BRAF
IDHI, AKT1

2 HOPE

183

3 Hotspot

MHC HLA
EBV B TISI

HLA-class 1 (A'0201, A"1101, A"2402)

monoallelic HLA-class | gene-expressing B cell

HLA
TAP2 HLA-
class I-A, B, C
HLA-class 1
LCL721.221 cells
HLA-null
HLA-class | HLA

HLA-A"0201, A"1101, A"2402
in silico

r=20.6 0.7

138

TISI: B-LCL parent cell line
(HLA-A*24:02:01,-8%04.01:01,-C*35:08:01)

1
TAPZ KO
Sorted HLA-I intermediate clones (FACSAria)

1
HLA-A-B_KO
Sorted HLA-I low clones

1
HLA-C_KO
Sorted HLA-class-| negative clones

1
HLA-class-1 cDNA knock-in
Sorted HLA-class-| positive clones

4 HLA B

HLA B MHC



27

lizuka A, Akiyama Y

, et al., Oncol Lett 2023

2 1
HLA-DNA A24
A24
MHC HLA-A24
2 in silico MHC
HLA-A"1101 TP53
in silico
HLA-A*11:01-KI
Clone #P8B3 _ )
AKRAS G12,G13 mut_epitopes * Other epitopes
300
R *rs =-0.63 (KRAS G12, G13) I W, (TP53mut)
0 s A a SCMGGMNGR
= P -
= 200 - &p SCMGSMNRR
& - f
L1850 A a
E s e
< 100 A e, %
T "o - .
< 50 . .
[ ] -
. .o '’ ® iy ] o ... -‘.'
1 10 100 1,000 10,000 100,000

Predicted 1Csq (nV)

5 HLA-A"1101




17 17 0 0

MAEDA CHIE 11ZUKA AKIRA MIYATA HARUO KONDOU RYOTA ASHIZAWA TADASHI KANEMATSU AKARI 41

WATANABE KYOKO DEGUCHI SHOICHI MITSUYA KOICHI HAYASHI NAKAMASA ABE YOSHIAKI  YAMAGUCHI

KEN AKIYAMA YASUTO

Alternative Evaluation of an ELISPOT Assay Using Cytokine Activity as a Novel Parameter 2021

Anticancer Research 3825 3831
DOl

10.21873/anticanres. 15175

Kawata Takuya Muramatsu Koji Shishito Namiko Ichikawa-Tomikawa Naoki Oishi Takuma Kakuda 11

Yuko Akiyama Yasuto Yamaguchi Ken Sakamoto Michiie Sugino Takashi

EMID1, a multifunctional molecule identified in a murine model for the invasion independent 2021

metastasis pathway

Scientific Reports 16372
DOl

10.1038/s41598-021-96006-2

Ohnami Shumpei Maruyama Kouji Chen Kai Takahashi Yu Hatakeyama Keiichi Ohshima Keiichi 476

Shimoda Yuji Sakai Ai Kamada Fukumi Nakatani Sou Naruoka Akane Ohnami Sumiko Kusuhara

Masatoshi Akiyama Yasuto Kagawa Hiroyasu Shiomi Akio Nagashima Takeshi Urakami Kenichi

Yamaguchi Ken

BMP4 and PHLDA1l are plausible drug-targetable candidate genes for KRAS G12A-, G12D-, and G12V- 2021

driven colorectal cancer

Molecular and Cellular Biochemistry 3469 3482
DOl

10.1007/s11010-021-04172-8

Serizawa Masakuni Mizuguchi Maki Urakami Kenichi Nagashima Takeshi Ohshima Keiichi 8

Hatakeyama Keiichi Ohnami Sumiko Ohnami Shumpei Maruyama Koji Ashizawa Tadashi lizuka

Akira Horiuchi Yasue Naruoka Akane Kenmotsu Hirotsugu Akiyama Yasuto Yamaguchi Ken

JCGA: the Japanese version of the Cancer Genome Atlas and its contribution to the 2021

interpretation of gene alterations detected in clinical cancer genome sequencing

Human Genome Variation 38

DOl
10.1038/s41439-021-00170-w




Kondou Ryota Akiyama Yasuto lizuka Akira Miyata Haruo Maeda Chie Kanematsu Akari Watanabe 15

Kyoko Ashizawa Tadashi Nagashima Takeshi Urakami Kenichi Shimoda Yuji Ohshima Keilich

Yamaguchi Ken et al.

Identification of tumor microenvironment-associated immunological genes as potent prognostic 2021

markers in the cancer genome analysis project HOPE

Molecular and Clinical Oncology 232
DOl

10.3892/mco.2021.2395

MIYATA HARUO AKIYAMA YASUTO 11ZUKA AKIRA KONDOU RYOTA MAEDA CHIE KANEMATSU AKARI WATANABE 42

KYOKO ASHIZAWA TADASHI  NAGASHIMA TAKESHI URAKAMI KENICHI  OHSHIMA KEIICHI KAWATA TAKUYA

MURAMATSU KOJI  SHIOMI AKIO TERASHIMA MASANORI SUGINO TAKASHI NOTSU AKIFUMI MORI KEITA

YAMAGUCHI KEN

Development of an Automatic Measurement Method for CD8 and PD-1 Positive T Cells Using Image 2021

Analysis Software

Anticancer Research 419 427
DOl

10.21873/anticanres. 15500

Furukawa Kenichiro Hatakeyama Kelichi Terashima Masanori Nagashima Takeshi Urakami 25

Kenichi Ohshima Keiichi Notsu Akifumi Sugino Takashi Yagi Taisuke Fujiya Keiichi Kamiya

Satoshi Hikage Makoto Tanizawa Yutaka Bando Etsuro Kanai Yae Akiyama Yasuto Yamaguchi Ken

Molecular classification of gastric cancer predicts survival in patients undergoing radical 2021

gastrectomy based on project HOPE

Gastric Cancer 138 148
DOl

10.1007/s10120-021-01242-0

Hatakeyama Keiichi Muramatsu Koji Nagashima Takeshi Kawanishi Yuichi Fukumura Ryutaro 12

Ohshima Kelichi Shimoda Yuji Kenmotsu Hirotsugu Mochizuki Tohru Urakami Kenichi Akiyama

Yasuto Sugino Takashi Yamaguchi Ken

Tumor cell enrichment by tissue suspension enables detection of mutations with low variant 2022

allele frequency and estimation of germline mutations

Scientific Reports 2953

DOl
10.1038/s41598-022-06885-2




Shigeto Hajime Yamada Eriko Kitamatsu Mizuki Ohtsuki Takashi lizuka Akira Akiyama Yasuto 11

Yamamura Shohei

Analysis of Single Nucleotide-Mutated Single-Cancer Cells Using the Combined Technologies of 2020

Single-Cell Microarray Chips and Peptide Nucleic Acid-DNA Probes

Micromachines 628 628
DOl

10.3390/mi11070628

Hatakeyama Keiichi Nagashima Takeshi Ohshima Keiichi Ohnami Sumiko Ohnami Shumpei Shimoda 111

Yuji Naruoka Akane Maruyama Koji lizuka Akira Ashizawa Tadashi Mochizuki Tohru Urakami

Kenichi Akiyama Yasuto Yamaguchi Ken

Characterization of tumors with ultralow tumor mutational burden in Japanese cancer patients 2020

Cancer Science 3893 3901
DOl

10.1111/cas. 14572

MITSUYA KOICHI AKIYAMA YASUTO 11ZUKA AKIRA MIYATA HARUO DEGUCHI SHOICHI HAYASHI NAKAMASA 40

MAEDA CHIE KONDOU RYOTA KANEMATSU AKARI WATANABE KYOKO ASHIZAWA TADASHI ABE YOSHIAKI ITO

ICHIRO OISHI TAKUMA SUGINO TAKASHI NAKASU YOKO YAMAGUCHI KEN

Alpha-type-1 Polarized Dendritic Cell-based Vaccination in Newly Diagnosed High-grade Glioma: A 2020

Phase Il Clinical Trial

Anticancer Research 6473 6484
DOl

10.21873/anticanres. 14669

Fujiya Keiichi Terashima Masanori Ohshima Keiichi Aizawa Daisuke Sugino Takashi Serizawa 24

Masakuni Nakamura Kenichi Nagashima Takeshi Hatakeyama Keiichi Urakami Kenichi Akiyama

Yasuto Tsubosa Yasuhiro Kitagawa Yuko Yamaguchi Ken

MAGEA10 expression is a predictive marker of early hepatic recurrence after curative 2020

gastrectomy for gastric and gastroesophageal junction cancer

Gastric Cancer 341 351

DOl
10.1007/s10120-020-01123-y




SHIMODA Yuji NAGASHIMA Takeshi URAKAMI Kenichi KAMADA Fukumi NAKATANI Sou MIZUGUCHI Maki 43

SERIZAWA Masakuni HATAKEYAMA Keiichi OHSHIMA Keiichi MOCHIZUKI Tohru OHNAMI Sumiko OHNAMI

Shumpei KAWAKAMI Takeshi YAMAZAKI Kentaro MURAKAMI Haruyasu KENMOTSU Hirotsugu SHIOMI

Akio AKIYAMA Yasuto YAMAGUCHI Ken

Development of two 410-cancer-gene panel tests for solid tumors and liquid biopsy based on 2022

genome data of 5,143 Japanese cancer patients

Biomedical Research 115 126
DOl

10.2220/biomedres.43.115

AKIYAMA YASUTO KONDOU RYOTA 11ZUKA AKIRA MIYATA HARUO MAEDA CHIE KANEMATSU AKARI  ASHIZAWA 42

TADASHI  NAGASHIMA TAKESHI ~ URAKAMI KENICHI ~ SHIMODA YUJI OHSHIMA KEIICHI ~YAMAGUCHI KEN et

al.

Characterization of the Immunological Status of Hypermutated Solid Tumors in the Cancer Genome 2022

Analysis Project HOPE

Anticancer Research 3537 3549
DOl

10.21873/anticanres. 15840

YASUI KAZUAKI  KONDOU RYOTA MIYATA HARUO 11ZUKA AKIRA ASHIZAWA TADASHI  NAGASHIMA TAKESHI 42

OHSHIMA KEIICHI URAKAMI KENICHI MURAMATSU KOJI SUGINO TAKASHI  YAMAGUCHI KEN AKIYAMA YASUTO

et al.

Immunological and Genetic Characterization of Patients With Head and Neck Cancer who Developed 2022

Recurrence

Anticancer Research 4417 4428
DOl

10.21873/anticanres. 15942

Ohnami Sumiko Naruoka Akane Isaka Mitsuhiro Mizuguchi Maki Nakatani Sou Kamada Fukumi 12

Shimoda Yuji Sakai Ai Ohshima Keiichi Hatakeyama Keiichi Maruyama Kouji Ohde Yasuhisa

Kenmotsu Hirotsugu Takahashi Toshiaki Akiyama Yasuto Nagashima Takeshi Urakami Kenichi

Ohnami Shumpei Yamaguchi Ken

Comparison of genetic susceptibility to lung adenocarcinoma and squamous cell carcinoma in 2022

Japanese patients using a novel panel for cancer-related drug-metabolizing enzyme genes

Scientific Reports 17928

DOl
10.1038/s41598-022-22914-6




AKTYAMA YASUTO ASHIZAWA TADASHI  11ZUKA AKIRA ANDO TAKAYUKI ISHIKAWA YOSHINOBU KONDOU 42
RYOTA MIYATA HARUO MAEDA CHIE KANEMATSU AKARI SUGINO TAKASHI YAMAGUCHI KEN

Development of Novel Small Antitumor Compounds Inhibiting PD-1/PD-L1 Binding 2022
Anticancer Research 5233 5247
DOl

10.21873/anticanres.16030

8 0 0

Maeda C, Akiyama Y, et al.

Evaluation of ELISPOT assay using cytokine activity parameter

The 80th Annual meeting of the Japan Cancer Association, Yokohama

2021

Kondou R, Akiyama Y, et al.

Association of immune types classification based on tumor microenvironment with patients® prognosis in project HOPE

The 80th Annual meeting of the Japan Cancer Association, Yokohama

2021

Miyata H, Akiyama Y, et al.

Development of automatic measurement method for CD8 and PD-1 positive T cells using image analysis software

The 80th Annual meeting of the Japan Cancer Association, Yokohama

2021




Miyata H, Akiyama Y et al.

Development of tumor-infiltrating lymphocytes (TIL)-measuring method using image analysis software

The 79th Annual meeting of the Japan Cancer Association, Hirosima

2020

Kondou R, Akiyama Y, et al.

Association of immune types classification based on tumor microenvironment with patients® prognosis in project HOPE

The 79th Annual meeting of the Japan Cancer Association, Hirosima

2020

Maeda C, Akiyama Y, et al.

Alpha-type-1 polarized dendritic cell-based vaccination in newly diagnosed high-grade glioma: A phase Il clinical trial

The 79th Annual meeting of the Japan Cancer Association, Hirosima

2020

lizuka A, Akiyama Y, et al.

Driver gene derived target epitope verification with HLA-class-1 single allele knock-in TAP2-KO TISI clones

The 81th Annual meeting of the Japan Cancer Association, Yokohama

2022




Miyata H, Akiyama Y, et al.

Detection of EGFR mutant genes using a novel PNA-DNA probe in EGFR-mutant lung cancer cell lines

The 81th Annual meeting of the Japan Cancer Association, Yokohama

2022




