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1.   Novel mucosal vaccine development for the in-
duction of mucosal  immunity  in the aero-, di-
gestive- and reproductive mucosa.

Kohtaro Fujihashi1,2, Koichiro Suzuki1, Rika Naka-
hashi3, Yuya Murakami1, Masao Uchida1, Takanori 
Marui1, Ai Sasou3, Shiho Kurokawa3, Kotomi Sugiu-
ra3, Yoshikazu Yuki3, and Hiroshi Kiyono1-4 : 1Divi-
sion of Clinical Vaccinology, International Research 
and Development Center for Mucosal Vaccines, The 
Institute of Medical Science, The University of  
Tokyo, 2Department of Pediatric Dentistry, The  
University of Alabama at Birmingham, 3Depart-
ment of Mucosal Immunology, IMSUT Distin-
guished Professor Unit, The Institute of Medical Sci-
ence, The University of Tokyo, 4Department of 
Mucosal Immunology and Immunology, Graduate 
School of Medicine, Chiba University, Chiba, 260-
8670, JAPAN

It has been shown that oral antigen (Ag) plus ad-
juvant delivery for induction of immunity, as op-
posed to nasal delivery, is an effective non-invasive 
route. Further, it is well-tolerated and avoids the pos-
sibility of Ag and /or adjuvant uptake into the olfacto-
ry tissues with subsequent entry into the central nerv-
ous system (CNS). However, oral vaccines require 
relatively large amounts of Ag and adjuvant and are 

exposed to the proteolytic enzymes and lower pH of 
the stomach. Considerably, their efficacy limits the 
mainly gastrointestinal mucosa. In this regard, it is 
essential to develop a new generation of oral adju-
vants which elicit mucosal immunity in the entire 
mucosal surfaces including respiratory and repro-
ductive tracts. In order to accomplish this goal, we 
planned to discover novel molecules which could use 
potential oral adjuvant for inducing global protective 
mucosal immunity by using single-cell mRNA se-
quencing approach. We have successfully established 
several DNA libraries from nasopharyngeal-associat-
ed lymphoid tissues and Peyer’s patches of naïve 
mice as well as mice given either the oral or nasal vac-
cine. The sequence data have been analyzed using 
SHIROKANE supercomputer system and we have 
identified several unique molecules which preferen-
tially upregulated in the NALT of mice given nasal 
vaccine when compared with those in Peyer’s patches 
of mice given an oral vaccine. We are currently testing 
the roles of these molecules for the induction of mu-
cosal tissue-specific immune responses by using gain 
and lost function approaches. 

2.   Roles of Secretory IgA antibodies for the main-
tenance of the homeostasis in the oral cavity
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To explore new avenues for mucosal vaccine development and immune-regulation, 
investigators have begun to employ novel adjuvants and targeting mucosal tissues 
and immune cells for vaccine delivery and elucidate the mechanisms of immune-
regulation in the mucosal tissues. Despite recently advanced sciences, it remains 
to develop effective mucosal vaccines for human use. To this end, our main task is 
to define the effectiveness and safety of novel mucosal vaccines including adjuvant- 
and delivery system-development and bring them from bench-top to practical 
applications.
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hashi3,4, Masamichi Komiya1, and Tomoko Kuri-
ta-Ochiai2 : Departments of 1Oral Surgery and 2In-
fection and Immunology, Nihon University School 
of Dentistry at Matsudo, 3Division of Clinical Vacci-
nology, International Research and Development 
Center for Mucosal Vaccines, The Institute of Medi-
cal Science, The University of Tokyo, 4Department 
of Pediatric Dentistry, The University of Alabama at 
Birmingham. 

Secretory IgA (SIgA) plays a central role in pre-
venting bacterial and viral infections on mucosal sur-
faces by neutralizing toxins and viruses and inhibit-
ing bacterial attachment to epithelial cells. However, 
the role of salivary SIgA antibodies (Abs) in regulat-
ing oral flora is still unknown. This study aimed to 
evaluate the association among oral bacteria, their 
metabolites and periodontitis in IgA-deficient (IgA 
KO) and wild-type (WT) control mice. Microcomput-
ed tomography (micro-CT) analysis was used to as-
sess alveolar bone resorption as development of peri-
odontitis. The bacterial profiles of saliva were 
determined using the next-generation sequencing as-
says. Furthermore, the metabolites in saliva were 
measured and compared using CE-TOFMS. Salivary 
microbiota of IgA KO mice revealed a remarkably de-
creased frequency of Streptococcus, and increased 
percentages of Aggregatibacer, Actinobacillus, and Pre-
votella at the genus level when compared with those 
of WT. Compared to WT control mice of the same age, 
the level of alveolar bone loss was significantly in-
creased in IgA KO mice, and infiltration of osteoclasts 
was found on the surface of the alveolar bone. The 
metabolome profile indicated that the metabolites of 
IgA KO mice had greater variability in carbon meta-
bolic, urea cycle, and lipid pathways than WT mice. 
These results suggest that salivary SIgA plays an im-
portant role in regulating and maintaining normal 
oral microflora to prevent the development of the per-
iodontal disease.

3.   Stratified  layer  analysis  revealsintrinsic  hor-
mone  stimulates  cryptal  mesenchymal  cells 
forcontrolling mucosal homeostasis

Seiichi Matsumura1–3, Yosuke Kurashima1,2,4,5,7, 
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partment of Innovative Medicine, Graduate School 
of Medicine, Chiba University, 2Department of Mu-
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guished Professor Unit, The Institute of Medical Sci-
ence, The University of Tokyo, 3Department of 
Pediatrics, Juntendo University Faculty of Medicine 
4International Research and Development Center 
for Mucosal Vaccines, The Institute of Medical Sci-
ence, The University of Tokyo, 5Division of Gastro-

enterology, Department of Medicine, CU-UCSD 
Center for Mucosal Immunology, Allergy and Vac-
cines (CU-UCSD cMAV), University of California, 
San Diego, 6Center for Matrix Biology and Medi-
cine, Graduate School of Medicine, Tokai Universi-
ty, 7Division of Comparative Pathology and Medi-
cine, Department of Pathology, University of 
California, San Diego, 8Center for Veterinary 
Sciences and Comparative Medicine, University of 
California, San Diego. 

Mesenchymal cells in the crypt play indispensable 
roles in the maintenance of intestinal epithelial home-
ostasis through their contribution to the preservation 
of stem cells. However, the acquisition properties of 
the production of stem cell niche factors by the mes-
enchymal cells have not been well elucidated, due to 
technical limitations regarding the isolation and sub-
sequent molecular and cellular analyses of cryptal 
mesenchymal cells. To evaluate the function of mes-
enchymal cells located at the large intestinal crypt, we 
established a novel method through which cells are 
harvested according to the histologic layers of the 
mouse colon, and we compared cellular properties 
between microenvironmental niches, the luminal mu-
cosa and crypts. The gene expression pattern in the 
cryptal mesenchymal cells showed that receptors of 
the hormone/cytokine leptin were highly expressed, 
and we found a decrease in Wnt2b expression under 
conditions of leptin receptor deficiency, which also 
induced a delay in cryptal epithelial proliferation. 
Our novel stratified layer isolation strategies thus re-
vealed new microenvironmental characteristics of co-
lonic mesenchymal cells, including the intrinsic in-
volvement of leptin in the control of mucosal 
homeostasis.

4.  Orally desensitized mast cells form a regulato-
ry  network  with  Treg  cells  for  the  control  of 
food allergy 
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hiro Kiuchi8, Kiyoshi Hirahara8, Sayuri Murasaki1,4, 
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ment of Mucosal Immunology, The University of 
Tokyo Distinguished Professor Unit, The Institute of 
Medical Science, The University of Tokyo, 2Depart-
ment of Pediatrics, Keio University School of Medi-
cine, 3Department of Innovative Medicine and Mu-
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Chiba University, 4International Research and De-
velopment Center for Mucosal Vaccines, The Insti-
tute of Medical Science, The University of Tokyo, 
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Oral immunotherapy (OIT) is an effective ap-
proach to controlling food allergies. Although the de-
tailed molecular and cellular mechanisms of OIT are 
unknown currently, they must be understood to ad-
vance the treatment of allergic diseases in general. To 
elucidate the mechanisms of OIT, especially during 
the immunological transition from desensitization to 
allergy regulation, we generated a clinical OIT mu-
rine model and used it to examine immunological fea-
tures after OIT. We found that in mice that completed 
OIT successfully, desensitized mast cells (MCs) 
showed functionally beneficial alterations, such as in-
creased expression of regulatory cytokines and en-
hanced expansion of regulatory T cells. Importantly, 
regulatory-T-cell-mediated inhibition of allergic re-
sponses was decreased in mice in which desensitized 
MCs were depleted during OIT. Collectively, these 
findings show that the desensitization process modu-
lates the activation of MCs, leading directly to en-
hanced induction of regulatory-T-cell expansion and 
promotion of clinical allergic unresponsiveness. Our 
results suggest that efficiently inducing regulatory 
MCs is a novel strategy for the treatment of allergic 
diseases. 

Journals (Refereed)

1. Kurashima, Y., Kigoshi, T., Muasaki, S., Arai, F., 
Shimada, K., Seki, N., Kim, Y.G., Hase, K., Ohno, 
H., Kawano, K., Ashida, H., Suzuki, T., Morimoto, 
M., Saito, Y., Sasou, A., Goda, Y., Yuki, Y., Inagaki, 
Y., Iijima, H., Suda, W., Hattori, M., Kiyono, H. Pan-
creatic glycoprotein 2 is a first line of defense for 
mucosal protection in intestinal inflammation. Nat 
Commun. doi: 10.1038/s41467-021-21277-2.

2.  Yuki, Y., Nojima, M., Hosono, O., Tanaka, H., Ki-
mura, Y., Sato, T., Imoto, S., Uematsu, S., Kuroka-
wa, S., Kashima, K., Mejima, M., Nakahashi-Ouchi-
da, R., Uchida, Y., Marui, T., Yoshikawa, N., 
Nagamura, F., Fujihashi, K., and Kiyono, H. Assess-
ment of oral MucoRice-CTB vaccine for the safety 
and microbiota-dependent immunogenicity in hu-
mans: A randomized trials. The Lancet Microbe (in 
press), 2021.

3.  Takasato, Y., Kurashima, Y., Kiuchi M., Hirahara, 
K., Murasaki, S., Arai, F., Nakamura, M., Fujisawa, 
K., Kunisawa, J., Kubo, M., Takemura, N., Uemat-
su, S., Akira, S., Takahashi, T., Nakayama, T., and 
Kiyono, H. Oral desensitized intestinal mast cells 
acquire regulatory characteristics for food allergy 
control. Mucosal Immunol. doi: 10.1038/s41385-
020-00358-3, 2020.

4.  Chang, E., Kobayashi, R., Fujihashi, K., Komiya, M., 
and Kurita-Ochiai, T. Impaired salivary SIgA anti-
bodies elicit oral dysbiosis and subsequent induc-
tion of alveolar bone loss. Inflamm. Res. 70: 151-
158, 2021.

5.  Matsumura, S., Kurashima, Y., Murasaki, S., Mori-
moto, M., Arai, F., Saito, Y., Katayama, N., Kim, D., 
Inagaki, Y., Kudo, T., Ernst, P.B., Shimizu, T., and 
Kiyono, H. Stratified layer analysis reveals intrinsic 
leptin stimulates cryptal mesenchymal cells for 
controlling mucosal inflammation. Sci. Rep. 10: 
18351 doi: 10.1038/s41598-020-75186-3, 2020.

Japanese Journals and Reviews

1.  藤橋浩太郎　鼻からの近未来型ワクチン JOHNS 
36(6): 681-684, 2020.

2.  藤橋浩太郎，清野宏　粘膜免疫の今昔そして未来
へ　　感染・免疫・炎症　50(2), 116-133, 2020.

3.  Boyaka, P. N., and Fujihashi, K. Immunology of 
mucosal surfaces.  In Clinical Immunology 6th edi-
tion. Rich, R. R., Fleisher, T. A., Shearer, W. T., Kotz-
in, B. L., and Schroedoer, Jr. H. W. (eds). Chapter 
24. pp. 24.1-24.14. Elsevier Inc., San Diego CA, USA. 
(in press) 2021.

09国際粘膜ワクチン開発研究センター_sk.indd   16109国際粘膜ワクチン開発研究センター_sk.indd   161 2021/05/10   13:21:162021/05/10   13:21:16


	00Preface_sk
	目次・扉_sk
	01感染・免疫部門_sk
	02癌・細胞増殖部門_sk
	03基礎医科学部門_sk
	04ヒトゲノム解析センター_sk
	05システム疾患モデル研究センター_sk
	06先端医療研究センター_sk
	07幹細胞治療研究センター_sk
	08感染症国際研究センター_sk
	09国際粘膜ワクチン開発研究センター_sk
	10ヘルスインテリジェンスセンター_sk
	11分子遺伝医学分野_sk
	12先進動物ゲノム研究分野_sk
	13奄美病害動物研究施設_sk
	14疾患プロテオミクスラボラトリー_sk
	15アジア感染症研究拠点_sk
	16遺伝子解析施設（フロンティア研究領域）_sk
	17附属病院_sk
	18東京大学特任教授部門_sk
	19寄付研究部門_sk
	20所長オフィス_sk
	22_sk
	奥付_sk



