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iNKT CELLS

A circulating subset of iNKT cells mediates antitumor
and antiviral immunity
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Invariant natural killer T (iNKT) cells are a group of innate-like T lymphocytes that recognize lipid antigens. They
are supposed to be tissue resident and important for systemic and local immune regulation. To investigate the
heterogeneity of iNKT cells, we recharacterized iNKT cells in the thymus and peripheral tissues. iNKT cells in the
thymus were divided into three subpopulations by the expression of the natural killer cell receptor CD244 and
the chemokine receptor CXCR6 and designated as CO (CD244~CXCR67), C1 (CD244-CXCR6™), or C2 (CD244*"
CXCR6*) iNKT cells. The development and maturation of C2 iNKT cells from CO iNKT cells strictly depended
on IL-15 produced by thymic epithelial cells. C2 iNKT cells expressed high levels of IFN-y and granzymes and
exhibited more NK cell-like features, whereas C1 iNKT cells showed more T cell-like characteristics. C2 iNKT cells
were influenced by the microbiome and aging and suppressed the expression of the autoimmune regulator
AIRE in the thymus. In peripheral tissues, C2 iNKT cells were circulating that were distinct from conventional
tissue-resident C1 iNKT cells. Functionally, C2 iNKT cells protected mice from the tumor metastasis of melanoma
cells by enhancing antitumor immunity and promoted antiviral immune responses against influenza virus in-
fection. Furthermore, we identified human CD244*CXCR6™" iNKT cells with high cytotoxic properties as a coun-
terpart of mouse C2 iNKT cells. Thus, this study reveals a circulating subset of iNKT cells with NK cell-like
properties distinct from conventional tissue-resident iNKT cells.

INTRODUCTION

Invariant natural killer T (iNKT) cells are a group of innate-like T
lymphocytes and have diverse functions straddling innate and adap-
tive immune responses. They are placed at the frontline for protec-
tion against cancer and infection and are involved in chronic
inflammation. iNKT cells express invariant T cell receptors
(TCRs) and recognize lipid antigens presented on CD1d, a nonpo-
lymorphic major histocompatibility complex (MHC) class I-like
molecule (I, 2). Upon stimulation by a potent synthetic antigen,
a-galactosylceramide (a-GalCer), or inflammatory cytokines,
iNKT cells are rapidly activated and produce large amounts of the

cytokines interferon-y (IFN-y) and interleukin-4 (IL-4), which
enhance innate immune responses by activating antigen-presenting
cells (APCs) and NK cells (3, 4). Activated iNKT cells induce the
maturation of APCs via CD40 ligand and augment adaptive
immune responses. They also express Fas ligand and tumor necrosis
factor (TNF)-related apoptosis-inducing ligand (TRAIL) and exert
cytolytic functions (2). iNKT cells are considered to be noncirculat-
ing, tissue-resident cells. The regulation and function of iNKT cells
differ between tissues, which is important for tissue homeostasis
and immunity (5, 6). However, how iNKT cells acquire their hetero-
geneous homeostasis and function remains unclear.
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CD45 alleviates airway inflammation and lung fibrosis

by limiting expansion and activation of ILC2s

, Takuma Asahi?, Shinya Abe®, Aki Ejima®, Shinri Okada?, Keizo Ohira®, Ryoma Kato?,
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Group 2 innate lymphoid cells (ILC2s) are critical for the immune response against
parasite infection and tissue homeostasis and involved in the pathogenesis of allergy
and inflammatory diseases. Although multiple molecules positively regulating ILC2
development and activation have been extensively investigated, the factors limiting
their population size and response remain poorly studied. Here, we found that CD45,
a membrane-bound tyrosine phosphatase essential for T cell development, negatively
regulated ILC2s in a cell-intrinsic manner. ILC2s in CD45-deficient mice exhibited
enhanced proliferation and maturation in the bone marrow and hyperactivated pheno-
types in the lung with high glycolytic capacity. Furthermore, CD45 signaling suppressed
the type 2 inflammatory response by lung ILC2s and alleviated airway inflammation and
pulmonary fibrosis. Finally, the interaction with galectin-9 influenced CD45 signaling
in ILC2s. These results demonstrate that CD4S5 is a cell-intrinsic negative regulator of
ILC2s and prevents lung inflammation and fibrosis via ILC2s.

innate lymphoid cell | airway inflammation | fibrosis | CD45 | metabolism

Group 2 innate lymphoid cells (ILC2s) are critical for response against parasite infections
and tissue homeostasis (1, 2). ILC2s are tissue-resident lymphocytes enriched in mucosal
tissues such as the lung and intestine (3). GATA3, the master transcription factor of ILC2s
and Th2 cells, is essential for ILC2s development and function (4). In addition, developing
ILC2s express transcriptional factors such as Id2, TCF-1, RORa, and Gfil, which are
important for T cell differentiation (2, 5-7). In the adult bone marrow, ILC2s develop
from common lymphoid progenitors (CLPs), followed by common helper-like ILC pro-
genitors (CHILPs), and finally differentiate into ILC2 precursors (ILC2Ps) and mature
ILC2s (mILC2s) (8).

Multiple molecules that positively control the development and activation of ILC2s have
been investigated. First, ST2, a subunit of the IL-33R, is expressed by almost all tissue ILC2s.
IL-33, a cytokine released from endothelial cells, epithelial cells, and preadipocytes, binds to
ST2, promotes the proliferation of ILC2s, and elevates the production of type 2 cytokines
such as IL-5 and IL-13 (1). Second, IL-17RB, a component of the IL-25R, is highly expressed
on ILC2s in the intestine. Upon IL-25 stimulation, some ILC2s are activated and become
inflammatory ILC2s, which produce IL-17 in addition to type 2 cytokines (9, 10). Third,
ILC2s express cytokine receptors such as CD25 (IL-2Ra), CD127 (IL-7Ra), and thymic
stromal lymphopoietin receptor (TSLPR), which transmit signals for the homeostasis and
activation of ILC2s (2, 11-13). Finally, ILC2s express several costimulatory molecules critical
for T cell immune response, such as inducible T cell costimulator (ICOS), tumor necrosis
factor receptor 2 (TNFR2), and glucocorticoid-induced TNFR-related protein (GITR),
which enhance the effector functions of ILC2s (14—16).

Although the population size of ILC2s is controlled in the steady state, ILC2s expand after
activation and exert critical functions at the initiation and amplification phases of type 2
inflammation. Conversely, excessive inflammatory reactions of ILC2s trigger the pathogenesis
of asthma, pulmonary fibrosis, and acute lung injury. Asthma is induced and exacerbated by
the type 2 cytokines ILC2s and Th2 cells produce. IL-5 promotes eosinophil activation and
recruitment to the lung, and IL-13 induces goblet cell hyperplasia and mucus production
(17). ILC2s increase in number in asthma patients and exhibit activated phenotypes (18).
Furthermore, type 2 immunity plays an essential role in idiopathic pulmonary fibrosis. The
type 2 cytokines from ILC2s act on lung fibroblasts to elevate collagen production and pro-
mote fibrosis (19, 20). Thus, elucidating the regulatory mechanisms of ILC2s in the steady
state and inflammation is vital to prevent and treat these respiratory diseases.

Several reports have shown that some molecules suppressing T cell activation, such as
IFNR, IL-27R, and programmed cell death 1 (PD-1), are induced in ILC2s upon acti-
vation or maturation and suppress the activated ILC2s (21-23). Both type 1 and type 2

PNAS 2023 Vol.120 No.36 2215941120

https://doi.org/10.1073/pnas.2215941120

Significance

ILC2s trigger the pathogenesis of
allergic airway inflammation and
pulmonary fibrosis. However, the
regulatory mechanism limiting
ILC2 population size and
inflammatory responses remain
poorly studied. This study
identified CD45 as a regulatory
factor of ILC2s in the steady state
and inflammations. ILC2s in the
CD45-deficient mice exhibited
enhanced proliferation and
maturation in the bone marrow
and hyperactivated phenotypes
in the lung with elevated
glycolytic metabolism.
Functionally, CD45 signaling
suppressed the lung ILC2s and
was involved in the alleviation of
airway inflammation and
pulmonary fibrosis. Our study
highlights that CD45 functions as
a unique regulator of ILC2s for
suppressing excessive type 2
inflammatory responses.
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Insights into the heterogeneity of
INKT cells: tissue-resident and
circulating subsets shaped by
local microenvironmental cues

Guangwei Cui™, Shinya Abe*, Ryoma Kato"? and Koichi Ikuta™

tLaboratory of Immune Regulation, Department of Virus Research, Institute for Life and Medical
Sciences, Kyoto University, Kyoto, Japan, ?Faculty of Pharmaceutical Sciences, Kyoto University,
Kyoto, Japan

Invariant natural killer T (iNKT) cells are a distinct subpopulation of innate-like T
lymphocytes. They are characterized by semi-invariant T cell receptors (TCRs)
that recognize both self and foreign lipid antigens presented by CD1d, a non-
polymorphic MHC class I-like molecule. iINKT cells play a critical role in
stimulating innate and adaptive immune responses, providing an effective
defense against infections and cancers, while also contributing to chronic
inflammation. The functions of iINKT cells are specific to their location, ranging
from lymphoid to non-lymphoid tissues, such as the thymus, lung, liver, intestine,
and adipose tissue. This review aims to provide insights into the heterogeneity of
development and function in iNKT cells. First, we will review the expression of
master transcription factors that define subsets of INKT cells and their production
of effector molecules such as cytokines and granzymes. In this article, we
describe the gene expression profiles contributing to the kinetics, distribution,
and cytotoxicity of iINKT cells across different tissue types. We also review the
impact of cytokine production in distinct immune microenvironments on iNKT
cell heterogeneity, highlighting a recently identified circulating iINKT cell subset.
Additionally, we explore the potential of exploiting iINKT cell heterogeneity to
create potent immunotherapies for human cancers in the future.

KEYWORDS

iNKT cell, heterogeneity, immune microenvironment, IL-15, immunotherapy

Introduction

Invariant natural killer T (iNKT) cells are a subset of T lymphocytes with innate-like
properties that detect self or foreign lipid antigens presented on non-polymorphic major
histocompatibility complex (MHC) class I-like molecule CD1d (1-3). They express semi-
invariant T cell receptors (TCRs) encoded by Vol4-Jol8 in mice and Vo24-Jol8 in
humans, paired with a limited number of TCRf chains V(38.2, V7, or VP2 in mice and
VP11 in humans (4). iNKT cells become activated rapidly at the onset of immune responses

01 frontiersin.org


https://www.frontiersin.org/articles/10.3389/fimmu.2024.1349184/full
https://www.frontiersin.org/articles/10.3389/fimmu.2024.1349184/full
https://www.frontiersin.org/articles/10.3389/fimmu.2024.1349184/full
https://www.frontiersin.org/articles/10.3389/fimmu.2024.1349184/full
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org
http://crossmark.crossref.org/dialog/?doi=10.3389/fimmu.2024.1349184&domain=pdf&date_stamp=2024-02-19
mailto:sai1122@hotmail.com
mailto:ikuta.koichi.6c@kyoto-u.ac.jp
https://doi.org/10.3389/fimmu.2024.1349184
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/immunology#editorial-board
https://www.frontiersin.org/journals/immunology#editorial-board
https://doi.org/10.3389/fimmu.2024.1349184
https://www.frontiersin.org/journals/immunology

K LT % L103
T
HZ 003 WY UELH T
Hadl oY ¥kdg [4 4%
oY NWI MUY HFEGTTI BR¥4e T
2

ETFAIAYNEFUMITUEXIL(TIN2EL 20Y T F1X¥
NFWEEO [WEXEY SR ¥HL103 "X ot



(2Z207) 098I [OUNWWINS/9ZIT 01/310710p//:SAd1Y “Jounuiw] 19 :3dUd13)2. [eUISLIQ

SOOI _ $955900Y ZS¥1L

SPIUE ST 31D | (2202) €591 ‘€2 ABojountiy aimoN

= UO3IsSNoH alueydals

IJEJNAJID S]]99 1)IN!

S||92 1 [BUCIIUSAUODUN

220z 1aquianoN Lz :paysiiqnd | ybiybiy yoieasay

apIye ¢ SIybIybiy yoiessal ¢ ABojounuwidl sinjeu ¢ sinjeu

aquosqns A SN YuMm ysijqnd [eudnol ay) 3noqy A Juajuod aiojdx3

ASojounwuug danjyeu



