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Emerging functions of tissue-resident eosinophils
Alessandra Gurtner1, Daniel Crepaz1, and Isabelle C. Arnold1

Eosinophils are typically considered tissue-damaging effector cells in type 2 immune-related diseases. However, they are also
increasingly recognized as important modulators of various homeostatic processes, suggesting they retain the ability to adapt
their function to different tissue contexts. In this review, we discuss recent progress in our understanding of eosinophil
activities within tissues, with particular emphasis on the gastrointestinal tract, where a large population of these cells resides
under non-inflammatory conditions. We further examine evidence of their transcriptional and functional heterogeneity and
highlight environmental signals emerging as key regulators of their activities, beyond classical type 2 cytokines.

Introduction
Eosinophils originate in the bone marrow from common gran-
ulocyte/monocyte progenitors, and their lineage commitment is
instructed by a combinatorial program of transcription factors,
including high expression of GATA-1 (Yu et al., 2002; Bouffi
et al., 2015; Hirasawa et al., 2002; Fulkerson, 2017). IL-5, the
most eosinophil-specific cytokine, is required for the expansion
and maturation of eosinophil progenitors and further supports
the survival and activation of eosinophils within tissues, to-
gether with the other β common chain cytokines, GM-CSF and
IL-3 (Fulkerson et al., 2014; Griseri et al., 2015; Collins et al.,
1995; Rothenberg et al., 1989; Dent et al., 1990). As eosinophils
exit the bone marrow, they spend only limited time in circula-
tion (between 3 and 24 h), where they represent a minor com-
ponent of leukocytes (Farahi et al., 2012). They then rapidly
migrate to their tissues of residency following an eotaxin gra-
dient in response to surface-expressed C-C chemokine receptor
3 (CCR3) binding (Mishra et al., 1999).

Small numbers of eosinophils are found in several peripheral
tissues under non-inflammatory conditions, where they exhibit
distinct turnover rates in response to local viability-enhancing
signals and differential expression of the common γ-chain
receptor (Carlens et al., 2009). In addition, a predominant eo-
sinophil population is found in the mucosal lining of the (non-
esophageal) gastrointestinal (GI) tract, where they represent
5–25% of the total leukocyte fraction. Their recruitment to the
intestinal lamina propria occurs during fetal development, and
their numbers are broadly maintained throughout lifetime, with
cyclic variations fine-tuned by type 2 innate lymphoid cell
(ILC2)–derived IL-5 in response to circadian rhythms and caloric
intake (Nussbaum et al., 2013). Low frequencies of resident
eosinophils are also found in the lung, thymus, adipose tissue,
uterus, and mammary gland, where their numbers fluctuate
according to hormonal cycles or developmental stages (Loffredo

et al., 2020; Gouon-Evans and Pollard, 2001; Gouon-Evans et al.,
2000; Throsby et al., 2000).

Moreover, eosinophils greatly accumulate at sites of tissue
damage in response to infection or allergen exposure, where
they can exert potent inflammatory effects through the release
of their preformed cytotoxic granule proteins. The abnormal
presence or accumulation of eosinophils in peripheral organs
beyond baseline levels is commonly referred to as “eosinophilia”
and is generally associated with diseases. Eosinophilia is not
only a major hallmark of allergic asthma, atopic dermatitis, and
chronic rhinosinusitis but is also typical of chronic inflamma-
tory conditions of the GI tract, such as eosinophil-associated GI
disorders, eosinophilic esophagitis, and inflammatory bowel
diseases (Humbles et al., 2004; Jenerowicz et al., 2007; Raab
et al., 1998; Blanchard et al., 2006). Many of these conditions
are dramatically on the rise in industrialized countries, and their
prevalence increases in developing countries in parallel to ur-
banization (Yang et al., 2020; Dellon et al., 2015; Freeman et al.,
2021). However, a profound understanding of the complex sig-
naling networks driving eosinophil pleiotropic functions in
health and disease is still missing, therefore limiting clinical
applications. As the majority of eosinophils reside in peripheral
tissues under baseline conditions, it is of great interest to un-
derstand their roles and regulation at these sites.

In this review, we discuss recent progress in our under-
standing of eosinophil homeostatic activities within tissues,
with particular emphasis on their functions in the GI tract, the
largest reservoir of tissue-resident eosinophil in the body. As
most available data related to the study of intestinal eosinophils
are derived from animal experiments, we primarily focus here
on the mouse. We briefly summarize their recently described
functions within different tissues under baseline conditions and
highlight environmental signals emerging as key regulators
of their activities. We further discuss evidence of eosinophil

.............................................................................................................................................................................
1Institute of Experimental Immunology, University of Zürich, Zürich, Switzerland.

Correspondence to Isabelle C. Arnold: arnold@immunology.uzh.ch.

© 2023 Gurtner et al. This article is available under a Creative Commons License (Attribution 4.0 International, as described at https://creativecommons.org/licenses/by/
4.0/).

Rockefeller University Press https://doi.org/10.1084/jem.20221435 1 of 9

J. Exp. Med. 2023 Vol. 220 No. 7 e20221435

D
ow

nloaded from
 http://rupress.org/jem

/article-pdf/220/7/e20221435/1453616/jem
_20221435.pdf by guest on 09 February 2026

https://orcid.org/0000-0002-9192-8263
https://orcid.org/0009-0003-1702-667X
https://orcid.org/0000-0001-8679-9666
mailto:arnold@immunology.uzh.ch
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1084/jem.20221435
http://crossmark.crossref.org/dialog/?doi=10.1084/jem.20221435&domain=pdf


transcriptional and functional heterogeneity in diverse tissue
compartments, in light of new studies proposing developmental
plasticity and tissue adaptation as major drivers of their polar-
ization into functional subtypes.

Homeostatic functions of tissue-resident eosinophils
As initially postulated by James J. Lee and co-workers in their
provocative “LIAR hypothesis” (eosinophils as regulators of Lo-
cal Immunity And/or Remodeling/Repair), eosinophils are often
found at sites undergoing high epithelial turnover, remodeling,
or stem cell activity, suggesting they might be inherently asso-
ciated with the regulation of these processes, both in health and
disease (Lee et al., 2010). More than a decade later, multiple
reports have confirmed the homeostatic activities of eosinophils
in various tissues, mostly supported by data from animal models
of constitutive or inducible eosinophil deficiency, or models of
conditional gene ablation targeting the eosinophil lineage. Be-
low, we describe some of the functions of eosinophils that
emerge as a common theme across tissues. While this list is not
exhaustive, we refer the reader to the following excellent recent
reviews for additional information (Shah et al., 2020; Jacobsen
et al., 2021), including eosinophil activities in metabolic ho-
meostasis, vascular tone, and neural health. An overview of
eosinophil functions in healthy tissues and during tissue re-
generation is shown in Fig. 1.

Tissue morphogenesis. Temporally controlled eosinophil re-
cruitment waves are observed in several organs and are typically
associated with stages of tissue development or morphogenesis.
In the lungs, eosinophils are not present at birth but increase
following the release of IL-5 by ILC2, in response to epithelial-
derived IL-33 induced by the “first breath” (Saluzzo et al., 2017).
Their postnatal recruitment peaks on days 10–13 and coincides
with the lung alveolarization phase associated with the provi-
sional deposition of extracellular matrix (ECM) components
(Loffredo et al., 2020).

Eosinophils also seem to play an important role in the female
mammary gland development and reproductive system. They
are recruited to the growing terminal end buds of mammary
glands in puberty to promote the branching of the ductal tree, in
concert with macrophages (Gouon-Evans et al., 2000). They are
again recruited during pregnancy when further mammary de-
velopment occurs (Colbert et al., 2005). In IL-5–deficient mice,
which lack most peripheral eosinophils, anatomical alterations
and lower overall density of mammary gland structures have
been reported. Their progeny was thus notably underweight
upon nursing, with a high percentage of preweaning mortality
(Colbert et al., 2005). Eosinophils are also cyclically recruited to
the endometrium of the uterus during the estrous cycle under
the influence of estradiol-mediated eotaxin-1 release, and their
numbers peak during the degradation cycle of estrus to metes-
trus. In the absence of eotaxin, mice displayed a delayed onset of
estrous cycles and age of first parturition, suggesting a role for
eosinophils in preparing the mature uterus for pregnancy
(Gouon-Evans and Pollard, 2001). Eosinophils also accumulated
and degranulated in the cervix during pregnancy and labor when
tissue degradative and reparative processes occur (Knudsen et al.,
1997). However, despite the apparent association of eosinophils

with uterine remodeling activity, eosinophil-deficient mice
exhibit normal pregnancy, parturition, or postpartum uter-
ine repair, suggesting that their role in this process is re-
dundant (Robertson et al., 2000; Gouon-Evans and Pollard,
2001).

Tissue regeneration. While eosinophils might exert subtle
remodeling activities to maintain homeostasis in their tissues of
residency, they also infiltrate highly regenerative organs in
which they are not normally present to promote the repair of
wounded tissues. This activity seems to primarily depend not
only on their ability to secrete IL-4, which promotes the pro-
liferation of hepatocytes in the damaged liver (Goh et al., 2013),
but also stimulates the proliferation of muscle resident fibro/
adipocyte progenitors to inhibit their differentiation into adi-
pocytes following muscle injury (Heredia et al., 2013). In re-
sponse to IL-4 and the cationic protein mEar1, eosinophils were
further reported to protect against ischemic injury in the in-
farcted heart. Liu et al. (2020) showed that eosinophils rapidly
accumulated in the blood and heart following myocardial in-
farction and were essential to reduce subsequent cardiac dys-
function, cardiomyocyte apoptosis, and fibrosis, as well as to
limit the adhesion of inflammatory cells.

Eosinophils were also implicated in the restoration of thymic
function during re-establishment of the adaptive immune sys-
tem following ablative therapy (Cosway et al., 2022). Cosway
and colleagues showed that eosinophil-deficient mice exhibited
significantly reduced thymic size and weight than their wild-
type counterparts on days 7 and 35 following sublethal total body
irradiation. This was accompanied by an overall decrease of
thymic cellularity, reduced numbers of epithelial subsets, as well
as lower proportions of CD4/CD8 thymocyte subsets. In the long
term, reduced thymic T cell development impaired the recovery
of the peripheral αβT-cell pool, as alterations were still visible
more than 3 mo following injury. Interestingly, eosinophil-
mediated thymic regenerative response depended on the con-
certed action of natural killer T cell–dependent IL-4, which
triggered eotaxin-1 production in the thymic stroma, and ILC2-
dependent IL-5, indicating that the restoration of thymic func-
tion requires a complex network of innate immune cells
(Cosway et al., 2022).

Maintenance of tissue architecture. Recent studies have shed
light on the cardinal roles of eosinophils in maintaining the
tissue architecture and physiological function of GI organs. As
reported by Ignacio et al. (2022), ablation of the eosinophil lin-
eage in Δdbl.GATA1 mice resulted in significant alteration of the
small intestinal villous architecture, characterized by a reduced
villous surface area, barrier leakage, and altered peristalsis, in
conjunction with decreased lipid absorption. The absence of
eosinophils primarily affected ECM components of the basement
membrane, which forms an anatomical barrier between the
epithelium and underlying connective tissue, subsequently al-
tering epithelial cell turnover and barrier permeability. Eosin-
ophil deficiency also altered intestinal motility and transit time,
potentially by affecting the function of intestinal neuronal/glial
cells. Indeed, lamina propria eosinophils were found close to
stromal cells, including α-smooth actin-expressing myofibro-
blasts, glial cells, and neuronal axons (Ignacio et al., 2022).
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Similarly, Diny et al. (2022) reported that eosinophils upregu-
lated multiple transcripts upon migration into the small intes-
tine, which were related to ECM components as well as proteins
functioning in ECM remodeling such as laminins, collagens, and
matrix metalloproteinases. Interestingly, many of these genes
depended on the expression of the Aryl hydrocarbon receptor
(AHR), a ligand-activated transcription factor. AHR-deficient
eosinophils were functionally impaired in their adhesion to
ECM components and were less capable of degrading collagen
derivatives (Diny et al., 2022), suggesting that eosinophils sup-
port the homeostatic remodeling and constitutive renewal of the

ECM, a critical activity in the intestine where high cellular
turnover rate and constant mechanical stress requires timely
regeneration (Pompili et al., 2021).

Mucosal homeostasis and immune regulation. At mucosal
sites, homeostasis depends on complex interactions between the
microbiota, the intestinal epithelium, and the host immune
system. This interplay is particularly important in the GI tract,
where the layered immune system acts in concert with epithelial
and stromal cell populations to mount effector responses against
pathogens, while avoiding deleterious responses to the diverse
commensal species of themicrobiota. The balance between T cell

Figure 1. Eosinophil functions in tissue homeostasis and repair. In organs of residency, eosinophils contribute to tissue integrity and homeostasis (orange).
Following tissue damage, eosinophils can be recruited to organs where they are not typically present and participate in tissue repair (blue).
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effector and regulatory responses (1), the integrity of the epi-
thelial barrier (2), as well as the presence of healthy microbial
communities (3) contribute to ensuring mutualistic host–
microbiota interactions, which are essential to maintain ho-
meostasis. Interestingly, eosinophils have been implicated in the
regulation of all these processes. A summary of their immuno-
regulatory and homeostatic activities in the GI tract is shown in
Fig. 2.

Regulation of the T cell compartment. Increasing evidence
suggests a role for eosinophils in regulating T cells by down-

modulating T helper (Th) responses or supporting the differ-
entiation of regulatory T cells (Treg) expressing the forkhead
box P3 (Foxp3) protein. Eosinophils were reported to control the
baseline production of IL-17 by CD4+ T cells in the small intestine
through the constitutive secretion of IL-1 receptor antagonist, an
inhibitor of IL-1β (Sugawara et al., 2016). Similarly, eosinophil
depletion resulted in an increased frequency of colonic Th1 cells
directed against components of the intestinal microbiota at
steady-state and further failed to restrict excessive Th1 re-
sponses against the gastric pathogen Helicobacter pylori (Arnold

Figure 2. Emerging functions of eosinophils in the GI tract. In response to microbial and tissue-derived cues, intestinal eosinophils interact with the
mucosal immune system, the epithelium, and microbiota to promote homeostasis. In the colon, eosinophils restrict Th1 responses against pathogens via
upregulation of PD-L1, and eosinophil-derived TGF-β promotes the expansion of Foxp3+ Tregs. In the small intestine, eosinophils inhibit IL-17 baseline pro-
duction by CD4+ T cells through the secretion of IL-1 receptor agonists and suppress Th2 responses during nematode infection. Eosinophils also release IL-6
and APRIL, which support plasma B cell survival in the bone marrow, and, together with IL-1β and lymphotoxin β (LTB), promote the generation and
maintenance of IgA-producing plasma B cells in the small intestine. They further regulate GI motility via neuronal/glial cells and interact with non-immune cell
types to maintain epithelial barrier integrity by enhancing mucus secretion and promoting epithelial cell migration. They also support the homeostatic re-
modeling and constitutive renewal of the ECM through the secretion of collagen, laminins, and the activity of matrix metalloproteinases (MMPs).
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et al., 2018). The control of Th1 responses required cell-intrinsic
IFN-γ signaling in eosinophils, which led to the upregulation of
PD-L1. In addition, PD-L1–expressing eosinophils accumulated in
the colon of Crohn’s disease patients, where they localized in
proximity to CD4+ T cells and showed evidence of an IFN-
γ–associated signature (Gurtner et al., 2022), raising the possi-
bility that IFN-γ–dependent PD-L1 expression might directly
contribute to downmodulate Th1 response or might represent a
useful marker for eosinophils with regulatory properties.

Eosinophils can also control adaptive T cell responses indi-
rectly by promoting the expansion of Tregs. Intestinal, but not
peripheral blood, eosinophils induced the differentiation of na-
ive T cells into Foxp3+ Tregs cells in vitro through the release of
TGF-β1 and retinoic acid (Chen et al., 2015). Furthermore,
eosinophil-deficient mice display a notable reduction in the
frequencies of intestinal Foxp3+ Tregs correlating with
decreased TGF-β (Chu et al., 2014b). Interestingly, eosinophil-
derived TGF-β was required for the expansion and tissue
homing of a unique microbiota-dependent Treg subset, ex-
pressing the retinoic acid receptor–related orphan nuclear
receptor gamma (RORγt) in the intestinal lamina propria fol-
lowing bacterial or allergen challenge (Fallegger et al., 2022).
This subset was also reduced in the intestines of mice lacking
responsiveness to AHR ligands in the eosinophil compartment,
along with reduced expression of matrix metalloproteinase-9
(Diny et al., 2022), an enzyme that cleaves latent TGF-β into its
active form (Kobayashi et al., 2014).

Promotion of epithelial barrier integrity. The integrity of the
intestinal epithelial barrier is essential to provide protection
against microbial intruders, whilst ensuring the absorption of
nutrients and water. While eosinophils have been reported to
compromise epithelial integrity in several tissues during infec-
tion or chronic inflammation through the release of their tissue-
damaging granular proteins (Katinios et al., 2020; Furuta et al.,
2005; Brottman et al., 1996), other studies suggest they may also
contribute to the maintenance of healthy barrier functions,
particularly in the absence of overt inflammation. Indeed, the
loss of eosinophils in response to high-fat diet coincides with
intestinal permeability, resulting in “leaky gut syndrome,”
which can be reverted by re-establishing original eosinophil
levels upon reinstatement of normal diet (Johnson et al., 2015).
Eosinophils were also reported to enhance mucus secretion by
goblet cells, support the renewal of ECM components, and en-
hance epithelial cell migration (Jung et al., 2015; Ignacio et al.,
2022), thus promoting intestinal barrier integrity.

Regulation of IgA and microbial composition. Secretory immu-
noglobulin A (SIgA) are essential regulators of microbiota
composition and function (Huus et al., 2021). In return, the
microbiota composition also greatly determines the levels of IgA
through both immune stimulatory and IgA degradation pro-
cesses (Bunker et al., 2019; Moon et al., 2015). IgA andmicrobiota
composition are thus intrinsically related. Chu et al. first re-
ported that eosinophils support the survival of plasma cells in the
bone marrow as well as the generation and maintenance of IgA+

plasma B cells in intestinal lamina propria via the release of IL-6
and APRIL (Chu et al., 2011; Chu et al., 2014b). In the absence of
eosinophils, mice displayed reduced levels of SIgA and less IgA

adherence to fecal bacteria, along with alterations in microbial
composition (Chu et al., 2014b). A reduction of SIgA and mi-
crobial alteration in eosinophil-deficient mice was also reported
by Jung et al. (2015) but relied on an indirect regulatory mech-
anism implicating eosinophil-derived IL-1β and lymphotoxins.

In contrast, later studies found only modest or no differences
in the numbers of IgA-secreting plasma cells in eosinophil-
deficient mice, proposing that the use of mice from different
vendors rather than littermate controls might have accounted
for these initially observed differences (FitzPatrick et al., 2020;
Singh et al., 2019; Beller et al., 2020). Indeed, germ-free (GF)
eosinophil-deficient and wild-type mice did not show differ-
ences in microbiota composition nor IgA levels following mi-
crobial recolonization, suggesting that eosinophils might not
influence IgA levels in the absence of microbial differences
(Ignacio et al., 2022). Interestingly, the expression pattern of
eosinophil-derived APRIL, a well-known regulator of plasma cell
homeostasis, has recently been suggested to depend on micro-
bial stimulation and to exhibit strong spatial heterogeneity along
the GI tract (Sturm et al., 2023), thus potentially explaining
some of the discrepancies observed between studies. Never-
theless, a report using littermate controls revealed that the ab-
sence of eosinophils specifically affected the composition of
intestinal mucus-resident bacterial species but was independent
of IgA (Singh et al., 2019), raising the possibility that alteration
in these mucus-residing bacteria might depend on epithelium-
derived antimicrobial peptides or factors secreted by eosinophils
themselves. Whether eosinophil-derived antimicrobial or gran-
ular proteins contribute to maintain host-microbial mutualism,
possibly by limiting bacterial overgrowth or imposing selective
pressures on the microbiota, is currently unknown.

Eosinophil heterogeneity and plasticity within tissues
To maintain homeostasis, immune cells have developed func-
tional adaptation programs tailored to their niche’s require-
ments, which are often dictated by the tissue itself. While the
notion that eosinophils have the capacity to adapt to specific
microenvironments is gaining increasing appreciation, it has so
far mostly been based on their functional and surface marker
heterogeneity. Eosinophils can thus display significant pheno-
typic differences across diverse tissues, within distinct
anatomical compartments of the same organ or even within
localized tissue microdomains at the same site (Gurtner et al.,
2021; Chu et al., 2014a; Wen et al., 2012; Xenakis et al., 2018).
Phenotypic diversity is also observed between health and dis-
ease state. The best-known example to date comes from the
lung, where tissue-resident eosinophils strongly differ from
eosinophils recruited during asthmatic challenge, prompting
the authors to propose the existence of distinct cellular subsets.
While resident eosinophils localize in the parenchyma and
present a ring-shaped nucleus, inflammatory eosinophils re-
cruited to the peribronchial areas during allergen challenge are
characterized as Siglec-FhiCD62L−CD101hi, have a segmented
nucleus, and present a proinflammatory gene profile, suggest-
ing both subsets might have opposing roles (Mesnil et al., 2016).

The phenotypic diversity and pleiotropic functions of eosi-
nophils has raised questions about their lineage ontogeny and
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the existence of distinct functional sub-phenotypes. In the fol-
lowing section, we highlight recent studies indicating that eosin-
ophil maturation is not restricted to their original bone marrow
niche but is a continuous differentiation process resulting from
their adaptation to distinct tissue microenvironments. We further
discuss some of the microbial and tissue-derived signals that were
reported to shape eosinophil functional properties in the GI tract.

Tissue adaptation in the intestinal niche
The strategic location of intestinal eosinophils close to the mu-
cosal surface and their expression of various microbe-associated
molecular patterns indeed indicates they can sense and respond
to microbial stimulation. Interestingly, studies in GF mice have
highlighted the role of the microbiota in shaping the phenotype
and density of local eosinophil populations. Eosinophils were
more numerous in the intestines of GF than in specific
pathogen–free animals and exhibited a striking reduction of
cytoplasmic granule size and content (Jiménez-Saiz et al.,
2020). Ignacio et al. (2022) further showed that the recoloni-
zation of GF mice with complex microbiota resulted in a shorter
half-life of intestinal eosinophils, consistent with increased
cellular activity and reduced survival. Eosinophils of GF mice
displayed strongly reduced sombrero vesicles and empty vesicles
along with increased levels of intracellular eosinophil peroxidase
than mice reared under specific pathogen–free conditions, sug-
gesting that the microbiota drives the activation and homeostatic
degranulation of intestinal eosinophils. Notably, the recoloniza-
tion of GF mice prompted the release of IL-33 from epithelial
cells, whose signaling was required for eosinophil homeostatic
activities, thus pointing to an indirect effect of the microbiota on
eosinophils via epithelial-derived cytokines.

In addition, Diny et al. (2022) reported that eosinophils adapt
to the small intestinal niche by adopting a transcriptional tissue
residency program that is reflected by changes in the expression
of over 13,000 genes relative to bone marrow eosinophils. In-
terestingly, this transcriptional reprogramming partly depended
on AHR signaling, which controlled several cell-intrinsic prop-
erties such as degranulation and lifespan, and further promoted
eosinophil interactions with ECM components. As several en-
dogenous AHR ligands are produced from the breakdown of food
components or tryptophan catabolism by intestinal commensals
(Schanz et al., 2020; Zelante et al., 2013), the selective activation
of this pathway in intestinal eosinophils suggests their tissue
specialization might be regulated by microbial components or
metabolites.

Recently, Gurtner et al. (2022) characterized the mouse eo-
sinophil lineage at the single-cell level and investigated the
presence of transcriptionally defined eosinophil subsets. This
study revealed that eosinophils develop from their bonemarrow
progenitors as five transcriptionally distinct subpopulations
across tissues ordered along consecutive developmental and
maturation stages, thus reflecting adaptation to distinct niches.
The GI tract further harbored two distinct eosinophil
subsets—an active (A-Eos) and a basal (B-Eos) population—
differing in their transcriptome, surface proteome, and spatial
localization. B-Eos localized predominantly at the bottom of
crypts and displayed a typical Th2 profile characterized by

STAT6 regulon activity as well as the synthesis of IL-4 and
IL-13. They also upregulated transcripts such as TGF-β and the
ECM-degrading enzyme matrix metalloproteinase-9. In contrast,
A-Eos were found closer to the intestinal lumen and were char-
acterized by enhanced secretory activity, antimicrobial po-
tential, and proinflammatory cytokine profile (i.e., secretion of
GM-CSF, TNF-α, and IL-1β). A-Eos further expressed several T cell
co-stimulatory molecules and were characterized by the co-
expression of CD80 and PD-L1, indicating they might be involved
in the regulation of local T cell responses. Notably, challenge infection
with bacterial pathogens or experimental colitis resulted in the strong
accumulation of A-Eos at inflammation sites. Inflammation further
promoted the acquisition of a robust antimicrobial gene signature in
A-Eos, largely driven by local IFN-γ signaling, suggesting this subset
might contribute to host defense.

Although both B- and A-Eos exhibited a non-overlapping
transcriptional profile, trajectory analysis and subsequent
in vivo validation experiments revealed that both subsets were
inherently linked, with A-Eos arising from their less mature
B-Eos counterparts, as a result of local tissue maturation driven
by the cytokine IL-33 and microbial signals upstream of NF-κB
and MAPK pathway signaling (Gurtner et al., 2022). In the GI
tract, IL-33 is constitutively expressed from pericryptal fibro-
blasts and further increases during inflammation (Mahapatro
et al., 2016). Interestingly, IL-33–stimulated eosinophils dis-
played a transcriptional profile similar to A-Eos and led to the
upregulation of multiple cytokine receptors, including GM-
CSFRα, IL-10Rα, as well as its own receptor ST2 (Gurtner et al.,
2022). Therefore, IL-33 signaling may act as a checkpoint in the
intestinal eosinophil tissue adaptation process, as it initiates a
transcriptional cascade leading to the upregulation of new re-
ceptors, which in turn promotes responsiveness to local signals
driving the functional specialization of A-Eos. In return, the
cytokine network and selective ligand availability in diverse GI
compartments may orchestrate regional specialization pro-
grams, leading to niche-specific functions.

Collectively, these studies demonstrate that eosinophils un-
dergo extensive transcriptional remodeling and functional spe-
cialization upon intestinal residency, which are driven in
response to the microbiota. Whether similar adaptation gene
programs shape eosinophil activities at other mucosal sites is
still unknown, yet likely.

Plasticity of the eosinophil lineage
Evidence of eosinophil adaptation to distinct tissue niches sug-
gests the highly plastic nature of this lineage. While local cues
may shape tissue-specific functional properties under homeo-
static conditions, environmental perturbations such as inflam-
mation or allergen exposuremay exert more profound alteration
in the eosinophil lineage, already at early developmental stages.
Eosinophils isolated from peripheral blood have thus often been
shown to modulate surface receptor expression in the presence of
systemic priming signals, such as IL-5 or IL-33 (Johansson et al.,
2008; Johansson et al., 2020; Coppi et al., 2007; Gurtner et al., 2022).
In their single-cell transcriptomic analysis, Gurtner et al. (2022)
showed that challenge infection promoted the acquisition
of novel inflammation-associated gene expression signatures,
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which were already upregulated in the bone marrow and blood.
While this observation suggests that eosinophil functional
programs are to a certain extent imprinted systemically in
disease, it raises the question of whether and how this might
affect the function of other eosinophil populations residing in
distal organs. Indeed, a recent study showed that local allergic
inflammation in the skin, gut, or lung strongly impacted the
frequency and phenotype of tissue eosinophils within remote,
allergen-nonexposed organs, which was associated with the
priming of these organs for subsequent allergic inflammation
(Olbrich et al., 2020). In contrast, the induction of experimental
asthma promoted the resolution of arthritis in mice, and this
protective effect was abolished upon eosinophil depletion
(Andreev et al., 2020). Resolution of arthritis was associated
with the emergence of a regulatory eosinophil subset expand-
ing in response to IL-5 derived from lung ILC2 and was further
present in the synovium of rheumatoid arthritis patients in
remission, but not in active stage. Notably, in patients with
rheumatoid arthritis and concomitant asthma, the depletion of
eosinophil with an anti–IL-5 antibody (mepolizumab) induced
relapse of arthritis in a majority of cases (Andreev et al., 2020).
These observations suggest that eosinophil plasticity not only
dictates their function in their tissue of residency but may also
influence their activities during development, thus affecting
their responses at distal sites.

Concluding remarks
Recent advances in the field of eosinophil biology have shed light
on the pleiotropic activities of these granulocytes in health and
disease. The consensus that eosinophil functional diversity is
driven by heterogenous responses to environmental cues is
gaining increasing appreciation, mostly due to transcriptomic
studies delineating eosinophil ontogeny, tissue adaptation, and
functional specialization, along with animal studies investigat-
ing the relevance of eosinophil population in diverse tissues
under non-inflammatory conditions. The study of GI eosinophils
is particularly relevant in this regard, as they constitute the
largest resident population of eosinophils in the body.

The evidence cited in this review supports the view that
eosinophils actively contribute to the maintenance of intestinal
homeostasis in response to microbial-derived signals, which
drive a transcriptional cascade leading to their functional mat-
uration. The existence of spatially compartmentalized tran-
scriptional subsets in the GI tract may not be that surprising,
given the steep hypoxic gradient and increasing microbial ex-
posure from the submucosa to the lumen, as well as the selective
presence of epithelial-derived cytokines at the luminal end,
modulated by constant interaction with local microbial and
immune networks. However, the signals that shape eosinophil
functional properties at different stages of their tissue matura-
tion are only beginning to be unraveled. A better understanding
of the molecular pathways driving the differentiation of func-
tional subsets in diverse organs is thus required to fully appre-
ciate their contribution to local homeostatic and inflammatory
processes. It may further lay the foundation for novel thera-
peutic approaches that rely on the rational modulation of eo-
sinophil subsets in diverse clinical settings.
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M. Löhning, and C. Berek. 2011. Eosinophils are required for the
maintenance of plasma cells in the bone marrow. Nat. Immunol. 12:
151–159. https://doi.org/10.1038/ni.1981

Colbert, D.C., M.P. McGarry, K. O’neill, N.A. Lee, and J.J. Lee. 2005. Decreased
size and survival of weanling mice in litters of IL-5-/-mice are a

Gurtner et al. Journal of Experimental Medicine 7 of 9

Function of tissue-resident eosinophils https://doi.org/10.1084/jem.20221435

D
ow

nloaded from
 http://rupress.org/jem

/article-pdf/220/7/e20221435/1453616/jem
_20221435.pdf by guest on 09 February 2026

https://biorender.com/
https://doi.org/10.1136/annrheumdis-2020-218902
https://doi.org/10.1084/jem.20172049
https://doi.org/10.1084/jem.20172049
https://doi.org/10.1002/eji.201948474
https://doi.org/10.1016/j.jaci.2006.07.038
https://doi.org/10.4049/jimmunol.1500510
https://doi.org/10.1002/(SICI)1099-0496(199603)21:3<159::AID-PPUL2>3.0.CO;2-L
https://doi.org/10.1002/(SICI)1099-0496(199603)21:3<159::AID-PPUL2>3.0.CO;2-L
https://doi.org/10.1126/scitranslmed.aau9356
https://doi.org/10.1126/scitranslmed.aau9356
https://doi.org/10.4049/jimmunol.0801581
https://doi.org/10.1371/journal.pone.0142881
https://doi.org/10.1084/jem.20131800
https://doi.org/10.1084/jem.20131800
https://doi.org/10.1016/j.immuni.2014.02.014
https://doi.org/10.1016/j.immuni.2014.02.014
https://doi.org/10.1038/ni.1981
https://doi.org/10.1084/jem.20221435


consequence of the IL-5 deficiency in nursing dams. Contemp. Top. Lab.
Anim. Sci. 44:53–55.

Collins, P.D., S. Marleau, D.A. Griffiths-Johnson, P.J. Jose, and T.J. Williams.
1995. Cooperation between interleukin-5 and the chemokine eotaxin to
induce eosinophil accumulation in vivo. J. Exp. Med. 182:1169–1174.
https://doi.org/10.1084/jem.182.4.1169

Coppi, L.C., S.M. Thomazzi, M.L. de Ayrizono, C.S. Coy, W.J. Fagundes, J.R.
Goes, G.C. Franchi Jr, A.E. Nowill, C.G. Montes, E. Antunes, and J.G.
Ferraz. 2007. Comparative study of eosinophil chemotaxis, adhesion,
and degranulation in vitro in ulcerative colitis and Crohn’s disease.
Inflamm. Bowel Dis. 13:211–218. https://doi.org/10.1002/ibd.20018

Cosway, E.J., A.J. White, S.M. Parnell, E. Schweighoffer, H.E. Jolin, A. Bacon,
H.R. Rodewald, V. Tybulewicz, A.N.J. McKenzie, W.E. Jenkinson, and G.
Anderson. 2022. Eosinophils are an essential element of a type 2 im-
mune axis that controls thymus regeneration. Sci. Immunol. 7:eabn3286.
https://doi.org/10.1126/sciimmunol.abn3286

Dellon, E.S., R. Erichsen, J.A. Baron, N.J. Shaheen, M. Vyberg, H.T. Sorensen,
and L. Pedersen. 2015. The increasing incidence and prevalence of eo-
sinophilic oesophagitis outpaces changes in endoscopic and biopsy
practice: National population-based estimates from Denmark. Aliment.
Pharmacol. Ther. 41:662–670. https://doi.org/10.1111/apt.13129

Dent, L.A., M. Strath, A.L. Mellor, and C.J. Sanderson. 1990. Eosinophilia in
transgenic mice expressing interleukin 5. J. Exp. Med. 172:1425–1431.
https://doi.org/10.1084/jem.172.5.1425

Diny, N.L., B. Schonfeldova, M. Shapiro, M.L. Winder, S. Varsani-Brown, and
B. Stockinger. 2022. The aryl hydrocarbon receptor contributes to tis-
sue adaptation of intestinal eosinophils in mice. J. Exp. Med. 219:
e20210970. https://doi.org/10.1084/jem.20210970

Fallegger, A., M. Priola, M. Artola-Borán, N.G. Núñez, S. Wild, A. Gurtner, B.
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