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IL-15-producing microenvironment supporting innate lymphoid cells and its role
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Innate-like lymphocytes such as NK and NKT cells play pivotal roles in
infectious immune responses, antitumor immunity, and inflammatory immune diseases. In this study, we
identified IL-15-producing cells that support the differentiation, maintenance, and function of NK

and NKT cells and clarified their functions. First, we demonstrated the reliance of NK cells on
IL-15 derived from hematopoietic cells within the bone marrow for their differentiation.
Furthermore, we have discerned two distinct subsets of bone marrow NK cells: scattered and
clustered, with CXCL12 emerging as a critical factor in the distribution of the scattered
population. Additionally, we have established the dependence of CD244+ iNKT cells on IL-15 produced
by thymic epithelial cells for their differentiation. Notably, this subset exhibits elevated levels
of IFN-g, akin to NK cells, and plays an important role in tumor cell elimination.

IL-15



Q) innate lymphoid cell ILC NK NKT wWT
IL-7 IL-15
@ IL-7-GFP
IL-15-CFP IL-7 IL-15
CXCL12-abundant reticular cell CAR
IL-15 IL-7 IL-
7 NKT IL-7 NKT
IL-15 IL-15
NK CAR IL-15
IL-15 NK
IL-15
CD244 iNKT
IL-7
IL-15 IL-15
IL-15
(1) NK IL-15
NK IL-15 NK
IL-15 IL-15
(2) IL-15 iINKT
IL-15 CD244 iINKT
CD244 iINKT
iNKT
CD244 INKT
IL-15
(1) NK IL-15
CAR IL-15
NK IL-15 Prx1-Cre
Lepr-Cre CAR Tie2-Cre Vav-Cre CD11c-Cre
LysM-Cre IL-15-flox IL-15
NK NK
NK IL-15 NK NK
NK
NK NK IL-15
NK IL-15



Cre

(2) IL-15 iNKT
CD244 iNKT FoxN1-Cre IL-15
CD244 CD244 iNKT RNA-seq
GO enrichment
iNKT CD244
CD244 CD244
iNKT iNKT
CD244 iNKT IFN-y
B16F10 iNKT IFN-y NK
CD244 iNKT
IL-15
iNKT NK IFN-y
CD244 iNKT
(1) NK IL-15
Prx1-Cre Lepr-Cre Tie2-Cre IL-15
NK Vav-Cre IL-15
NK CD11c-Cre LysM-Cre
IL-15 NK
IL-15 Vav-Cre IL-15
IL-15 NK
NK B
NK
IL-15 NK
@) NK Mm% NKHiR
NK Ncri1-Cre y
R26R-tdTomato
Cubic
NK
NK
NK
NK [ gagity
CXCR4 Jileed
NK
CAR
CXCL12 NK
3) CD244 iNKT arka—)jL FAR £ AR 2
iNKT NK CD244 <IR IL-15RIBYIR
2B4 CXCR6
iNKT CD244 CXCR6 CO IiNKT 59.5
CD244 CXCR6* C1 iNKT CD244+CXCR6*
C2 iNKT IL- 0.01
15 IL-15 40
COiINKT C2iNKT Cb244 (284)
X2. HIRR DINKTHIRZ D 53
(4) C2IiNKT
RNA-seq C1 iNKT C2 INKT
C2 iNKT IFN-y NK
C1l iNKT ICOS CD5 T
T
(5) C2IiINKT
CD45.1 CD45.2
iNKT

C2 iNKT
C1 iNKT



C2 iNKT C1 iNKT

CD45
T 85% C1 iNKT 10% C2
iINKT 30% T
C1iNKT C2 iNKT C1iNKT
(6) C2iNKT
C2 iNKT IL-15
C2 iNKT
IL-15
C2 iNKT
C2 iNKT IL-15
(o7
iINKT IL-15
C2 iNKT
(7) CD244 iINKT
CD244*CXCR6* C2 iNKT
(8) C1liNKT IL-15
C2 iNKT IFN-y
IR b 1 R L @
W IL-15 =, :
M- B - 1858
e BELINKTAER @ @ fEEERINKT
WBES FERBES
freee
FROBREINKTHE @ @ itxoMmEER
i INKT#ER
@L\ HSAKERE O 3155 - 5 S A ILRDHER

& o0

MIES - MM AGECEEZRE
3. EREINKTHIE AR EERINKTHEO 21 £t



23 18 8 0

Adachi, A., Honda, T., Dainichi, T., Egawa, G., Yamamoto, Y., Nomura, T., Nakajima, S., Otsuka, 148
A., Maekawa, M., Mano, N., Koyanagi, N., Kawaguchi, Y., Ohteki, T., Nagasawa, T., lkuta, K.,

Kitoh, A., and Kabashima, K.

Prolonged high-intensity exercise induces fluctuating immune responses to herpes simplex virus 2021

infection via glucocorticoids

J. Allergy Clin. Immunol.

1575-1588.e7

DOl
10.1016/j . jaci.2021.04.028

Bilal, M., Nawaz, A., Kado, T., Aslam, M. R., lgarashi, Y., Nishimura, A., Watanabe, Y., 54

Kuwano, T., Liu, J., Miwa, H., Era, T., lkuta, K., Imura, J., Yagi, K., Nakagawa, T., Fujisaka,

S., and Tobe, K.

Fate of adipocyte progenitors during adipogenesis in mice fed a high-fat diet. 2021

Mol . Metab. 101328
DOl

10.1016/j .molmet.2021.101328

Ikuta, K., Hara, T., Abe, S., Asahi, T., Takami, D., and Cui, G. 434

The roles of IL-7 and IL-15 in niches for lymphocyte progenitors and immune cells in lymphoid 2021

organs

Curr. Top. Microbiol. Immunol. 83-101
DOl

10.1007/978-3-030-86016-5_4

Takeuchi, A., Ozawa, M., Cui, G., lkuta, K., and Katakai, T. 434

Lymph node stromal cells: diverse meshwork structures weave functionally subdivided niches 2021

Curr. Top. Microbiol. Immunol. 103-121

DOl
10.1007/978-3-030-86016-5_5




Ullrich, L., Lueder, Y., Juergens, A.-L., Wilharm, A., Barros-Martins, J., Bubke, A., Demera, 12

A., lkuta, K., Patzer, G. E., Janssen, A., Sandrock, I., Prinz, |., and Rampoldi, F.

IL-4 producing Vgl+/Vdé+ gd T cells sustain germinal center reactions in Peyer®s patches of 2021

mice

Front. Immunol. 729607
DOl

10.3389/fimmu.2021.729607

Jin, J., Yamamoto, R., Takeuchi, T., Cui, G., Miyauchi, E., Hojo, N., lkuta, K., Ohno, H., and 13

Shiroguchi, K.

High-throughput identification and quantification of single bacterial cells in the microbiota 2022

Nat. Commun. 863
DOl

10.1038/s41467-022-28426-1

Zhu Y, Cui G, Miyauchi E, Nakanishi Y, Mukohira H, Shimba A, Abe S, Tani-ichi S, Hara T, Nakase 32

H, Chiba T, Sehara-Fujisawa A, Seno H, Ohno H and lkuta K.

Intestinal epithelial cell-derived IL-15 determines local maintenance and maturation of 2020

intraepithelial lymphocytes in the intestine

Int. Immunol. 307-319
DOl

10.1093/intimm/dxz082

Tani-ichi S, Wagatsuma K, Cui G, Abe A, Miyachi H, Kitano S, Hara T, and lkuta K. 204

Innate-like CD27+CD45RBhigh gd T cells require TCR signaling for homeostasis in peripheral 2020

lymphoid organs

J. Immunol. 2671-2684
DOl

10.4049/jimmunol .1801243




Miyazaki K, Watanabe H, Yoshikawa G, Chen K, Hidaka R, Aitani Y, Osawa K, Takeda R, Ochi Y, 5
Tani-ichi S, Uehata T, Takeuchi O, lkuta K, Ogawa S, Kondoh G, Lin YC, Ogata H, and Miyazaki M.

The transcription factor E2A activates multiple enhancers that drive Rag expression in 2020
developing T and B cells

Sci. Immunol. eabb1455

Dol
10.1126/sciimmunol .abb1455

Shimba A. and lkuta K. 1

Glucocorticoids regulate circadian rhythm of innate and adaptive immunity 2020

Front. Immunol. 2143
DOI

10.3389/Ffimmu.2020.02143

Shimba A. and lkuta K. 32

Immune-enhancing effects of glucocorticoids in response to day-night cycles and stress 2020

Int. Immunol. 703-708
DOI

10.1093/intimm/dxaa048

Shimba A. and lkuta K. 42

Control of immunity by glucocorticoids in health and disease 2020

Semin. Immunopathol . 669-680
DOI

10.1007/s00281-020-00827-8




Kawakita M, Oyama T, Shirai I, Tanaka S, Araki K, Abe S, Asahi T, Cui G, Itoh F, Sasaki M, 4

Shibata N, lkuta K, Hatakeyama T, and Takahara K.

Cell wall N-glycan of Candida albicans ameliorates early hyper- and late hypo-immunoreactivity 2021

in sepsis

Commun. Biol. 342
DOl

10.1038/s42003-021-01870-3

Kuwano T, lzumi H, Aslam MR, lgarashi Y, Bilal M, Nishimura A, Watanabe Y, Nawaz A, Kado T, 16

Ikuta K, Yamamoto S, Sasahara M, Fujisaka S, Yagi K, Mori H, and Tobe K.

Generation and characterization of a Meflin-CreERT2 transgenic line for lineage tracing in 2021

white adipose tissue

PLoS One e0248267
DOl

10.1371/journal .pone. 0248267

Kansler ER, Dadi S, Krishna C, Nixon BG, Stamatiades EG, Liu M, Kuo F, Zhang J, Zhang X, 23

Capistrano K, Blum KA, Weiss K, Kedl RM, Cui G, lkuta K, Chan TA, Leslie CS, Hakimi AA. and Li

MO.

Cytotoxic innate lymphoid cells sense cancer cell-expressed interleukin-15 to suppress human 2022

and murine malignancies

Nat. Immunol. 904-915
DOl

10.1038/s41590-022-01213-2

Adachi A, Honda T, Egawa G, Kanameishi S, Takimoto R, Miyake T, Hossain MR, Komine M, Ohtsuki 150

M, Gunzer M, lkuta K, and Kabashima K.

Estradiol suppresses psoriatic inflammation in mice by regulating neutrophil and macrophage 2022

functions

J. Allergy Clin. Immunol. 909-919.e8

DOl
10.1016/j . jaci.2022.03.028




Das Gupta D, Paul C, Samel N, Bieringer M, Staudenraus D, Marini F, Raifer H, Menke L, Hansal 29

L, Camara B, Roth E, Daum P, Wanzel M, Mernberger M, Nist A, Bauer UM, Helmprobst F, Buchholz

M, ... ... Ikuta K, Neubauer A, Burchert A, Jack HM, Klein M, Bopp T, Stiewe T, Pagenstecher

A, and Lohoff M.

IRF4 deficiency vulnerates B-cell progeny for leukemogenesis via somatically acquired Jak3 2022

mutations conferring IL-7 hypersensitivity

Cell Death Differ. 2163-2176
DOl

10.1038/s41418-022-01005-2

Ejima A, Abe S, Shimba A, Sato S, Uehata T, Tani-ichi S, Munakata S, Cui G, Takeuchi O, Hirai 209

T, Kato S, and lkuta K.

Androgens alleviate allergic airway inflammation by suppressing cytokine production in Th2 2022

cells

J. Immunol. 1083-1094
DOl

10.4049/j immunol .2200294

Ikuta K, Ejima A, Abe S, and Shimba A. 71

Control of immunity and allergy by steroid hormones 2022

Allergol. Int. 432-436
DOl

10.1016/j .alit.2022.07.006

Rodriguez-Caparros A, Tani-ichi S, Casal A, Lopez-Ros J, Sune C, lkuta K, and Hernandez-Munain 13

C.

Interleukin-7 receptor signaling is crucial for enhancer-dependent TCRd germline transcription 2022

mediated through STAT5 recruitment

Front. Immunol. 943510

DOl
10.3389/Fimmu.2022.943510




Cui G, Shimba A, Jin J, Ogawa T, Muramoto Y, Miyachi H, Abe S, Asahi T, Tani-ichi S, Dijkstra 7

JIM, lwamoto Y, Kryukov K, Zhu Y, Takami D, Hara T, ... ... Hatano E, Takahashi Y, Watarai H,

Oike Y, Imanishi T, Ohno H, Ohteki T, Minato N, Kubo M, Hollander GA, Ueno H, Noda T,

Shiroguchi K, and lkuta K.

A circulating subset of INKT cells mediates antitumor and antiviral immunity 2022

Sci. Immunol. eabj8760
DOl

10.1126/sciimmunol .abj8760

Akter S, Shimba A, lkuta K, Al Mahmud R, Yamada S, Sasanuma H, Tsuda M, Sone M, Ago Y, Murai K, 28

Tanaka H, and Takeda S.

Physiological concentrations of glucocorticoids induce pathological DNA double-strand breaks 2023

Genes Cells 53-67
DOl

10.1111/gtc.12993

Asahi T, Abe S, Tajika Y, Rodewald HR, Sexl V, Takeshima H, and lkuta K. 35

Retinoic acid receptor activity is required for the maintenance of type 1 innate lymphoid cells 2023

Int. Immunol. 147-155
DOl

10.1093/intimm/dxac057

Kyoto T Cell Conference 30

2021




Th17

Kyoto T Cell Conference 30

2021

2021

Ikuta, K. and Shimba, A.

Circadian control of immunity by glucocorticoids

43

2020

INKT

Kyoto T Cell Conference 31

2022




Daichi Takami, Shinya Abe, Akihiro Shimba, Takuma Asahi, Guangwei Cui, Shizue Tani-ichi, Takahiro Hara, and Koichi lkuta

Lung local IL-7 affect the maintenance, distribution, and activation of ILC2 in allergic airway inflammations

51

2022

Takuma Asahi, and Koichi Ikuta

Hepatic ILC1s lacking IL-7 receptor arise independently of conventional group 1 ILCs through parenchymal niches

51

2022

(Shimba Akihiro)

(30812242) (14301)

(Shizue Tani-ichi)

(50432331) (14301)

(Guangwei Cui)

(70791276) (14301)







