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1. Emerging roles of dietary lipids and vitamin B1 
for the regulation of allergic inflammatory dis-
eases and immune system development

Takahiro Nagatake1, So-ichiro Hirata1, Kento 
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Mills Co., Ltd., 4 Department of Dermatology, Kyoto 
University Graduate School of Medicine, 5 Depart-
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kyo Kasei Gakuin University, 7 Laboratory of Pro-
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Technology Agency, PRESTO, 9 Department of Bio-
chemistry, Keio University School of Medicine, 10 
Laboratory for Metabolomics, RIKEN Center for 

Integrative Medical Sciences, 11 Division of Physio-
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of Pharmaceutical Sciences, Keio University, 12 
Graduate School of Medical Life Science, Yokoha-
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14 Division of Gastroenterology, Department of Med-
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Immune system is regulated by dietary materials 
and their metabolites. We previously found that die-
tary intake of linseed oil, rich in ω3 α-linolenic acid, 
led to the amelioration of allergic responses in the gut 
and nasal mucosa through the metabolic conversion 
of α-linolenic acid into anti-allergy and anti-inflam-
matory lipid mediators of 17,18-epoxyeicosatetraeno-
ic acid and 15-hydroxyeicosapentaenoic acid. Here, 
we extended our view by showing the evidence that 
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Mucosal vaccine is a prospective strategy for the vaccine development against 
pathogens invading through mucosal t issues. We have examined the 
immunological functions of commensal and pathogenic microorganisms as well as 
diets and applied them to the development of adjuvants and antigen delivery for the 
efficient immune responses against mucosal vaccines. These findings also could 
be extended to the development of mucosal immunotherapy against allergic, 
inflammatory, and infectious diseases.
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maternal intake of linseed oil led to the alleviation of 
allergic symptoms in the offspring skin. Lipidomic 
analysis revealed that breast milk contained much 
amount of 14-hydroxydocosapentaenoic acid (14-
HDPA) when mouse dams were fed with linseed oil 
in comparison to conventional soybean oil. We found 
that 14-HDPA exhibited potent bioactivity in the in-
duction of tumor necrosis factor-related apoptosis-in-
ducing ligand (TRAIL) on plasmacytoid dendritic 
cells in offspring, which led to the inhibition of in-
flammatory cytokines production from T cells in the 
skin. Our another course of study revealed that vita-
min B1-deficiency resulted in thymic involution with 
remarkable reduction of the number of CD4 and 
CD8α double positive thymocytes. We further found 
that vitamin B1 deficient mice showed enhanced mat-
uration phenotype of γδ thymocytes by increased ex-
pression of TGFβ superfamily cytokines due to the 
vitamin B1-mediated metabolic impairment and ac-
cumulation of branched-chain α-keto acids in thymic 
stromal cells. These results collectively demonstrate 
that dietary lipid and vitamin B1 plays key roles in 
the control of immune systems, which can be applied 
to the development and optimization of vaccine 
against infectious and allergic diseases.

2.   The  mechanism  for  a  commensal  bacterium 
Alcaligenes to  cohabit  inside  intestinal  lym-
phoid tissue and application as a vaccine adju-
vant

Koji Hosomi1, Yunru Wang1,2, Ken Yoshii1,2, Naoko 
Shibata3,4, Atsushi Shimoyama5, Takahiro Naga-
take1, Tomoya Uto5, Haruki Yamaura5, Yoko Toji-
ma1, Mari Furuta1, Huangwenxian Lan1, Hidehiko 
Suzuki1, Haruko Takeyama4, Koichi Fukase5, Hiro-
shi Kiyono3,6-8, Jun Kunisawa1,2,3,4,9,10 : 1 Laboratory 
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School of Pharmaceutical Sciences, Osaka Universi-
ty, 3International Research and Development Center 
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ence, The University of Tokyo, 4Faculty of Science 
and Engineering, Waseda University, 5Graduate 
School of Science, Osaka University, 6Division of 
Gastroenterology, Department of Medicine, Univer-
sity of California San Diego (UCSD), 7Chiba Univer-
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9Graduate School of Medicine, Graduate School of 
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Lymphoid-tissue–resident commensal bacteria 
(LRCs), including Alcaligenes faecalis, colonize within 

dendritic cells (DCs) in intestinal lymphoid tissue in-
cluding the Peyer’s patches (PPs) of mammals. LRCs 
modulate the host immune system to promote intesti-
nal IgA antibody responses. Indeed, we previously 
demonstrated that A. faecalis activates DCs to produce 
IL-6, an IgA production-enhancing cytokine, through 
the weak agonistic activity of its lipopolysaccharide 
(LPS) against toll-like receptor (TLR) 4 together with 
low inflammatory activity, indicating that Alcaligenes 
spp. maintain their homeostatic environment in PPs 
without inducing an excessive inflammatory re-
sponse. Here, we show an intracellular symbiotic sys-
tem in which the LRC Alcaligenes creates a unique en-
ergy shift in DCs. Whereas DCs showed low 
mitochondrial respiration when they were co-cul-
tured with non-symbiotic Escherichia coli, DCs carry-
ing A. faecalis maintained increased mitochondrial 
respiration. Furthermore, E. coli induced apoptosis of 
DCs but A. faecalis did not. Regarding an underlying 
mechanism, A. faecalis—unlike E. coli—did not induce 
intracellular nitric oxide (NO) production in DCs due 
to the low activity of its LPS. Therefore, A. faecalis, an 
example of LRCs, may persist within intestinal lym-
phoid tissue because they elicit little NO production 
in DCs. In addition, the symbiotic DCs exhibit charac-
teristic physiologic changes, including a low rate of 
apoptosis and increased mitochondrial respiration.

Unique characteristics of Alcaligenes LPS, which 
moderately activate host immune responses, promot-
ed us to be examined for application as a vaccine ad-
juvant. Indeed, we previously reported that Alcali-
genes LPS promoted antigen-specific immune 
responses including IgG antibody and Th17 respons-
es without excessive inflammation. Here, we chemi-
cally synthesized Alcaligenes lipid A, an active part of 
LPS, and examined its efficacies as a vaccine adjuvant. 
In both systemic and nasal vaccination, Alcaligenes li-
pid A enhanced antigen-specific IgG/IgA antibody 
and Th17 responses. Further, in nasal vaccination 
with pneumococcal surface protein A (PspA) as a vac-
cine candidate antigen, Alcaligenes lipid A induced 
the protective immunity against Streptococcus pneumo-
niae infection. These findings suggest that Alcaligenes 
lipid A is a useful and applicable synthetic adjuvant 
for both systemic and nasal vaccine development in-
cluding S. pneumoniae vaccine.

3.  A Nanogel-based trivalent PspA nasal vaccine 
protects  macaques  from  intratracheal  chal-
lenge with pneumococci.

Rika Nakahashi1,2, Yohei Uchida1, Yoshikazu Yuki1, 
Tomoyuki Yamanoue1, Tomonori Machita1, Hiromi 
Mori1, Hiroshi Kiyono2-4 : 1 International Research 
and Development Center for Mucosal Vaccines, The 
Institute of Medical Science, The University of To-
kyo, 2 Department of Mucosal Immunology, IMSUT 
Distinguished Professor Unit, The Institute of Medi-
cal Science, The University of Tokyo, Tokyo, 3 Mu-
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cosal Immunology and Allergy Therapeutics, Insti-
tute for Global Prominent Research, Chiba 
University, Chiba, 4 CU-UCSD Center for Mucosal 
Immunology, Allergy and Vaccine (cMAV), Division 
of Gastroenterology, Department of Medicine, Uni-
versity of California, San Diego.

Current polysaccharide-based pneumococcal vac-
cines are effective but not compatible with all sero-
types of Streptococcus pneumoniae. We previously de-
veloped an adjuvant-free cationic nanogel nasal 
vaccine containing pneumococcal surface protein A 
(PspA) which is expressed on the surfaces of all pneu-
mococcal serotypes. Because PspA proteins have se-
quence diversity, we formulated and tested a nano-
gel-based trivalent pneumococcal nasal vaccine to 
demonstrate the vaccine’s immunogenicity and pro-
tective efficacy in macaques. Nasal vaccination of ma-
caques with cationic cholesteryl pullulan nanogel 
(cCHP)-trivalent PspA vaccine effectively induced 
PspA-specific IgGs that bound to pneumococcal sur-
faces and triggered complement C3 deposition. The 
immunized macaques were protected from pneumo-
coccal intratracheal challenge through both inhibition 
of lung inflammation and elimination of the bacteria 
from the lungs. These results demonstrated that the 
cCHP-trivalent PspA vaccine is an effective candidate 
vaccine for broad protection against pneumococcal 
infections.

4.   Comparative  whole-genome  and  proteomics 
analyses of the next seed bank and the original 
master seed bank of MucoRice-CTB 51A line, a 
rice-based oral cholera vaccine

Ai Sasou1, Yoshikazu Yuki1, Ayaka Honma1, Kotomi 
Sugiura1, Koji Kashima2, Hiroko Kozuka-Hata3, 
Masanori Nojima4, Masaaki Oyama3, Shiho Kuroka-
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jihashi7, Eiji Goto8, Hiroshi Kiyono1,7,9,10 : 1 Division 
of Mucosal Immunology, IMSUT Distinguished 
Professor Unit, The Institute of Medical Science, 
The University of Tokyo, 2 Asahi Kogyosha Co., 
Ltd., 3 Medical Proteomics Laboratory, The Insti-
tute of Medical Science, The University of Tokyo, 4 
Center for Translational Research, IMSUT Hospi-
tal, The Institute of Medical Science, The University 
of Tokyo, 5 Crop Development Division, NARO Ag-
riculture Research Center, 6 Astellas Pharma Inc., 7 
Research and Development Center for Mucosal Vac-

cines, The Institute of Medical Science, The Univer-
sity of Tokyo, 8 Faculty of Horticulture, Graduate 
School of Horticulture, Chiba University, 9 Depart-
ment of Immunology, Graduate School of Medicine, 
Chiba University, 10 Chiba University-University of 
California San Diego Center for Mucosal Immunol-
ogy, Allergy, and Vaccine, Division of Gastroenterol-
ogy, Department of Medicine, University of Califor-
nia. 

We have previously developed a rice-based oral 
vaccine against cholera diarrhea, MucoRice-CTB. Us-
ing Agrobacterium-mediated co-transformation, we 
produced the selection marker–free MucoRice-CTB 
line 51A, which has three copies of the cholera toxin B 
subunit (CTB) gene and two copies of an RNAi cas-
sette inserted into the rice genome. We determined 
the sequence and location of the transgenes on rice 
chromosomes 3 and 12. The expression of alpha-am-
ylase/trypsin inhibitor, a major allergen protein in 
rice, is lower in this line than in wild-type rice. Line 
51A was self-pollinated for five generations to fix the 
transgenes, and the seeds of the sixth generation pro-
duced by T5 plants were defined as the master seed 
bank (MSB). T6 plants were grown from part of the 
MSB seeds and were self-pollinated to produce T7 
seeds (next seed bank; NSB). NSB was examined and 
its whole genome and proteome were compared with 
those of MSB. First, we re-sequenced the transgenes 
of NSB and MSB and confirmed the positions of the 
three CTB genes inserted into chromosomes 3 and 12. 
The DNA sequences of the transgenes were identical 
between NSB and MSB. Next, using whole-genome 
sequencing, we compared the genome sequences of 
three NSB with three MSB samples, and evaluated the 
effects of SNPs and genomic structural variants by 
clustering. No functionally important mutations 
(SNPs, translocations, deletions, or inversions of gen-
ic regions on chromosomes) between NSB and MSB 
samples were detected. Analysis of salt-soluble pro-
teins from NSB and MSB samples by shot-gun MS/MS 
detected no considerable differences in protein abun-
dance. No difference in the expression pattern of stor-
age proteins and CTB in mature seeds of NSB and 
MSB was detected by immuno-fluorescence micros-
copy. 

In Conclusions, all analyses revealed no consider-
able differences between NSB and MSB samples. 
Therefore, NSB can be used to replace MSB in the 
near future.
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