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Fabrication of highly active antigen nanocarriers by integration of
immunity-inducing functions and their application to cancer immunotherapy
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i In this study, we developed cancer antigen-loaded liposome-based nanocarrier
systems integrated functional molecules for intracellular antigen delivery, activation of immune

cells and cancel of immunosupﬁression. Integration of purposeful functional molecules for cancer

immunotherapy to liposomes achieved the induction of antigen-specific immune responses and highly
cancer therapeutic effect on tumor-bearing mice models. Therefore, these nanocarrier systems are

promising as immunity-inducing systems for cancer immunotherapy.

pH



T (CTL)

pH

pH

(OVA)

CTL

pH

v

pH
pH
5 10%
NMR
pH pH
DC2.4
ELISA
DC2.4
pH
Toll
A CpG-DNA
a -
in vitro, in
vivo
Invivo
OVA
(MHC)
T
E.G7-OVA

TGF-B



KEMHIR  H—F3o RUFY FERRISY
V—LI FER FERF BEK
pH
pH
pH
ETILIR .
RIr—JLs8— 10 um
pH
pH
80
100
OVA
R o & MGlu unit
St [ T UL,
n n n R= or
h—F35> e TERARSY H OVA CTL
1.4 OVA
i3 1 A
iy h—K5>
g 1.0 1 Rt T
e i
s 0.8 1 i 2 g
*H £ 4
“eﬂ 0.6 1 L r/
S P 2 FERFSY TGF-B
To04 o
- / - ‘O\{%Ugm : 2 ‘()\’AI\:;‘
OVATip [sB1ip +SB lip (ERA: 7 EERG ISR )
0.2 . e Tt 5§
K N
o1 . — - v b @ R sB fip SB lip
& (@EERN G ip (EFHR). i
0O 20 40 60 8 100 (4 x‘{sa T Ry W
MGIuUA=vrDE A FE (%)
pH —=—PBS
2000 4 ~*SBlip (iv)
gg —4—0OVA lip
E ——OVA lip+
& 19001 SBlip (in
ﬁ ~e—OVAlip+
pH 500 -
Toll S
CpG-DNA 0 = . —— T
0 5 10 15 20 25 30 35
pH
CpG-DNA




1.

pH
TGF-3

TGF-B

pH

pH

pH

29
S. Okazaki, T. Iwasaki, E. Yuba, S. Watarai,
Evaluation of pH-sensitive fusogenic

polymer-modified liposomes co-loaded with
antigen and o-galactosylceramide as an
anti-tumor vaccine, J. Vet. Med. Sci.,

, 80, 197-204 (2018). DOI:
10.1292/jvms.17-0491.
E. Yuba, A. Yamaguchi, Y. Yoshizaki, A.
Harada, K. Kono, Bioactive polysaccharide-
based pH-sensitive polymers for cytoplasmic
delivery of antigen and activation of
antigen-specific immunity, Biomaterials,

, 120, 32-45 (2017). DOI:

10.1016/j.biomaterials.2016.12.021
E. Yuba, Liposome-based immunity-
inducing systems for cancer immunotherapy,
Molecular Immunology, , in press.
DOI: 10.1016/j.molimm.2017.11.001
E. Yuba, S. Uesugi, M. Miyazaki, Y. Kado, A.
Harada, K. Kono, Development of
pH-sensitive dextran derivatives with strong
adjuvant function and their application to
antigen delivery, Membranes, , 7,41
(2017). DOI: 10.3390/membranes7030041
Y. Yoshizaki, E. Yuba, N. Sakaguchi, K.
Koiwai, A. Harada, K. Kono, pH-sensitive
polymer-modified liposome-based
immunity-inducing  system: effects of
inclusion of cationic lipid and CpG-DNA,
Biomaterials, , 141, 272-283 (2017).
DOI: 10.1016/j.biomaterials.2017.07.001
E. Yuba, S. Uesugi, Y. Yoshizaki, A. Harada,
K. Kono, Potentiation of cancer immunity-
inducing effect by pH-sensitive
polysaccharide-modified liposomes with
combination of TGF-B type I receptor
inhibitor-embedded liposomes, Med. Res.
Arch., , 5 (2017). DOI:
10.18103/mra.v5i5.1243
T. Karashima, K. Udaka, M. Niimura, K.
Suzuki, H. Osakabe, T. Shimamoto, S.
Fukata, K. Inoue, N. Kuroda, M. Seiki, T.
Shuin, Therapy with transcutaneous
administration of imiquimod combined with
oral administration of sorafenib suppresses
renal cell carcinoma growing in an
orthotopic mouse model. Oncol. Lett.,

, 14, 1162-1166  (2017). Doi:
10.3892/01.2017.6235.
M. A. Sayem, Y. Tomita, A. Yuno, M.
Hirayama, A. Irie, H. Tsukamoto, S. Senju, E.
Yuba, T. Yoshikawa, K. Kono, T. Nakatsura,
Y. Nishimura, Identification of
glypican-3-derived long peptides activating
both CD8+ and CD4+ T-cells; prolonged
overall survival in cancer patients with Th
cell response, Oncolmmunology, ,
5, €1062209 (2016). DOLI:
10.1080/2162402X.2015.1062209
M. Hirayama, Y. Tomita, A. Yuno, H.
Tsukamoto, S. Senju, Y. Imamura, M. A.
Sayem, A. Irie, Y. Yoshitake, D. Fukuma, M.



10.

11.

12.

Shinohara, A. Hamada, H. Jono, E. Yuba, K.
Kono, K. Yoshida, T. Tsunoda, H. Nakayama,
Y. Nishimura, An oncofetal antigen,
IMP-3-derived long peptides induce immune
responses of both helper T cells and CTLs,
Oncolmmunology, , 5, el123368
(2016). DOI:
10.1080/2162402X.2015.1123368
E. Yuba, Design of pH-sensitive polymer-
modified liposomes for antigen delivery and
their application in cancer immunotherapy,
Polymer Journal, , 48, 761-771
(2016). DOI:10.1038/pj.2016.31
Y. Yoshizaki, E. Yuba, T. Komatsu, K. Udaka,
A. Harada, K. Kono, Improvement of
peptide-based tumor immunotherapy using
pH-sensitive fusogenic polymer-modified
liposomes, Molecules, , 21, 1284
(2016). DOI: 10.3390/molecules21101284
E. Yuba, Y. Kanda, Y. Yoshizaki, R. Teranishi,
A. Harada, K. Sugiura, T. [zawa, J. Yamate,
N. Sakaguchi, K. Koiwai, K. Kono,
pH-Sensitive polymer-liposome-based
antigen delivery systems potentiated with
interferon-y gene lipoplex for efficient
cancer immunotherapy, Biomaterials,
, 67, 214-224  (2015).
10.1016/j.biomaterials.2015.07.031

DOLI:

64
E. Yuba, A. Yamaguchi, S. Uesugi, A.
Harada, K. Kono, pH-Responsive
polysaccharide-modified  liposomes  for
antigen delivery and induction of immune
responses, 255" ACS National Meeting &
Expositions (2018).
E. Yuba, A. Yamaguchi, A. Harada, K. Kono,
pH-sensitive polysaccharides-based
immunity-inducing systems, 66

(2017).
H. Matsui, S. Hazama, K. Tamada, K. Udaka,
Y. Koki, T. Uematsu, H. Arima, H. Furukawa,
T. Miyakawa, S. Doi, M. Nakajima, M.
Kitahara, S. Kanekiyo, Y. Tokumitsu, M. lida,
Y. Tokuhisa, K. Sakamoto, N. Suzuki, S.
Takeda, S. Yamamoto, S. Yoshino, T. Ueno,
H. Nagano, A phase I study of novel
multi-HLA binding peptides and a new
combination of immune adjutants against
solid tumors, ASCO (2017).
Y. Kawasaki, K. Udaka, T. Ueba, Novel
WT1 peptide vaccination for newly
diagnosed malignant gliomas, The 36"
Sapporo International cancer Symposium
(2017).

pH

33

DDS (2017).

10.

11.

12.

13.

14.

15.

16.

17.

18.

pH
66 (2017).
E. Yuba pH-Responsive polysaccharide-
modified liposomes for intracellular drug
delivery 13" [UPAC International
Conference NMS-XIII (2017).
T 65
NPO
(2017).
T. Shimizu, T. Komatsu, K. Udaka,

Construction of a TAP deficient HLA class
I-binding assay system with the use of
CRISPR/Cas9 system, 46
(2017).

K. Udaka, M. Kasai, A. Kawaguchi, R.
Kamijima, S. Matsuzaki, K. Suzuki, M.
Yamamoto, S. Sano, S. Shirotake, Topical
application of nano-sized, bactericidal
polymer particles ameliorates hapten-induced
dermatitis, 42

(2017).
Y. Yoshizaki, E. Yuba, N. Sakaguchi, K.
Koiwai, A. Harada, K. Kono, Effect of

CpG-DNA  inclusion in  pH-sensitive
polymer-liposome  vaccines on  their
immune-inducing  activities, 10" World
Biomaterials Congress (2016).
TGF-B
pH
65
(2016).
DDS
52
(2016).
HLA I T
(2016).
pH
65
(2016).

E. Yuba, Y. Kanda, A. Harada, K. Kono,
Simultaneous delivery system of antigenic
protein and cytokine gene using hybrid
complexes of pH-sensitive polymer-modified
liposome and lipoplex, 4™ Symposium on
Innovative Polymers for Controlled Delivery
(2016).

E. Yuba, K. Kono, Liposome engineering for
efficient cancer immunotherapy, 12" TUPAC
International Conference NMS-XII (2016).

E. Yuba, A. Yamaguchi, A. Harada, K. Kono,
Preparation of polysaccharide derivatives



19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

having pH-sensitivity and immune activation

function, Biomaterials International2016
(2016).
- 36
(2016).
2016
(2016).

E. Yuba, S. Uesugi, A. Harada, K. Kono,
Development of effective immune-inducing
system using pH-sensitive polysaccharide-

modified liposomes and TGF-B signal
inhibitor-embedded liposomes, 3rd
International Conference on Biomaterials
Science in Tokyo (2016).

Y. Yoshizaki, E. Yuba, N. Sakaguchi, K.
Koiwai, A. Harada, K. Kono, pH-Sensitive
polymer-modified liposome-based immunity
inducing system: the effect of inclusion of
cationic  lipid and CpG-DNA, 3rd
International Conference on Biomaterials
Science in Tokyo (2016).
E. Yuba, Y. Kanda, A. Harada, K. Kono
Simultaneous delivery system of antigenic
protein and cytokine gene based on
pH-sensitive polymer-modified liposomes for
induction of antigen-specific = immune
responses 42" Controlled Release Society
Annual Meeting & Exposition (2016).
E. Yuba, Design of functional polymer-
modified liposomes for antigen delivery and
their application to cancer immunotherapy
64 (2015).

> > >

pH

31 DDS (2015).
E. Yuba, A. Yamaguchi, A. Harada, K. Kono,
Bioactive polysaccharide-based pH-sensitive
polymers for cytoplasmic delivery of antigen
and activation of antigen-specific immunity,
PACIFICHEM2015 (2015).
Y. Yoshizaki, E. Yuba, N. Sakaguchi, K.
Koiwai, A. Harada, K. Kono, Multiple
adjuvant molecules-incorporated pH-
sensitive polymer-modified liposomes for
efficient activation and induction of antigen-
specific  immunity, PACIFICHEM2015
(2015).
K. Udaka, T. Komatsu, Y. Ichikawa, S.
Kuroe, Presentation of tumor antigens in the
context of MHC class II molecules by the
endothelial cells in solid tumors grown in
vivo, International Conference of Cancer
Immunotherapy and Macrophages 2015
(2015).

29.
opsonin
14
(2015).

30. K. Udaka, R. Kasajima, S. Chi, N. Arima, T.
Komatsu, HLA class II-binding peptides
exhibit more promiscuous binding to
allomorphs than the HLA class I-binding
peptides, 44

(2015).
4
1. , s , DDS
, pp. 42-52

(2015).

2. DDS
, pp- 270-282 (2017).

o 2

2016-214408
2016 11 1

o 2
HLA-binding peptide, and DNA fragment
and recombinant vector coding for said
HLA-binding peptide
Tomoya Miyakawa, Keiko Udaka
NEC Corp., Kochi University

EP 2333060, US 9,353,151 B2
2016 5 25 (EP)2016 5 31
(US)

http://www?2.chem.osakafu-u.ac.jp/ohka/ohka9/in
dex.htm

(D
YUBA, Eiji
80582296

2
UDAKA, Keiko
40263066



