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Eosinophils are classically known as proinflammatory cells, as they are equipped with a variety of preformed cytotoxic
mediators and have been shown to definitively contribute to asthma. The connection between eosinophils and asthma
development has led to a new class of asthma therapeutics based on blocking eosinophils with humanized antibodies
that neutralize IL-5, a potent eosinophil growth, activation, and survival factor. Yet, recent studies have led to an
increasing appreciation that eosinophils have a variety of homeostatic functions, including immunomodulation. In this
issue of the JCI, Mesnil et al. identify a notable population of lung-resident eosinophils and demonstrate that, compared
with traditional eosinophils, these cells have distinct characteristics, including nuclear structure, surface markers, IL-5
independence, and immunoregulatory function that is capable of polarizing adaptive immune responses, at least in vitro.
Thus, these results reinforce a key homeostatic role for this enigmatic cell population, particularly in residing and
regulating immunity in the lung.
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Eosinophils: traditionally 
proinflammatory
Eosinophils are traditionally viewed 
as proinflammatory cells, as they are 
equipped with a variety of preformed 
cytotoxic mediators, including the granule 
proteins major basic protein (MBP) and 
eosinophil peroxidase, which collectively 
account for more than half of an eosino-
phil’s cellular mass (1). In addition, eosin-
ophils are able to synthesize and release 
a variety of potent mediators, including 
leukotrienes, and pleiotropic cytokines, 
including TGF-β (2). Yet, recent studies 
have shown that eosinophils also have a 
variety of homeostatic functions, includ-
ing immunomodulation (3). For example, 
in the small intestine, which serves as the 
main reservoir for eosinophils at baseline, 
these cells have been shown to influence 
microbiotic content and mucus develop-
ment and to be required for the produc-
tion of secretory IgA, probably through 
production of IL-1β (4, 5). In addition, 

eosinophils have been identified at sub-
stantial levels in white and brown adipose 
tissue, and compelling data establish the 
existence of a key eosinophil/macrophage 
axis in weight gain and adipose tissue 
homeostasis (6). For example, under lean 
conditions, adipose tissue eosinophils are 
a main cellular source of IL-4, which polar-
izes macrophages into an alternatively 
activated state, which in turn improves 
the control of glucose metabolism by pro-
moting secretion of insulin-sensitizing 
factors, such as catecholamines and IL-10 
(ref. 7 and Figure 1).

A resident cell population 
promotes immune 
homeostasis
In this issue, Mesnil et al. (8) provide 
compelling evidence that extends the 
known roles of homeostatic eosinophils. 
In particular, the authors have identified 
a notable population of lung-resident 
eosinophils (referred to as rEos) and 

demonstrate that these cells have char-
acteristics that are distinct from those 
of traditional eosinophils, including an 
immunoregulatory function capable of 
polarizing adaptive immune responses, 
at least in vitro. The rEos express distinct 
levels of surface membrane markers, 
including the L-selectin receptor CD62L 
and the inhibitory receptor Siglec-F, 
and have a ringed nucleus (indicative 
of relative immaturity) compared with 
inflammatory eosinophils (referred to 
as iEoS), which express higher levels of 
Siglec-F and CD101 and lower levels of 
CD62L and mainly have donut-shaped 
nuclei. rEos exhibit ongoing piecemeal 
degranulation, suggesting that these cells 
are constantly releasing their contents. 
In contrast to iEos, which are mainly 
peribronchial, rEos reside in a distinct 
lung compartment, as they are located 
in the parenchyma. Unexpectedly, even 
though rEos express the IL-5 receptor, this 
cell population is IL-5 independent and is 
not reduced in the presence of anti–IL-5. 
In contrast, iEos levels are attenuated 
under these same conditions. Consistent 
with unique regulation of rEos, these rEos 
were not present at birth but achieved 
adult levels within 7 days after birth. The 
postnatal development of this cell pop-
ulation is in contrast to what has been 
reported for baseline gastrointestinal 
eosinophils, which are present at birth (2). 
Remarkably, in a house dust mite model 
of asthma, the levels and activation of 
rEos were not modified during induction 
of allergic airway inflammation, and rEos 
exhibited a distinct lack of change in gene 
expression levels, even when evaluated 
at the whole-genome level. Finally, using 
eosinophil-deficient mice (ΔdblGATA), 
Mesnil and colleagues also presented evi-
dence that rEos promote the development 
of Th1 immunity, either by directly inhib-
iting T cells or by impairing the ability of 
DCs to induce Th2 immunity (8). In vitro 
studies support the latter mechanism 
of rEos-mediated development of Th1 
immunity. Table 1 summarizes the com-
parison between rEos and iEos.
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Eosinophils are classically known as proinflammatory cells, as they are 
equipped with a variety of preformed cytotoxic mediators and have been 
shown to definitively contribute to asthma. The connection between 
eosinophils and asthma development has led to a new class of asthma 
therapeutics based on blocking eosinophils with humanized antibodies that 
neutralize IL-5, a potent eosinophil growth, activation, and survival factor. 
Yet, recent studies have led to an increasing appreciation that eosinophils 
have a variety of homeostatic functions, including immunomodulation. In 
this issue of the JCI, Mesnil et al. identify a notable population of lung-
resident eosinophils and demonstrate that, compared with traditional 
eosinophils, these cells have distinct characteristics, including nuclear 
structure, surface markers, IL-5 independence, and immunoregulatory 
function that is capable of polarizing adaptive immune responses, at least in 
vitro. Thus, these results reinforce a key homeostatic role for this enigmatic 
cell population, particularly in residing and regulating immunity in the lung.
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important in identifying a new population 
of homeostatic lung eosinophils in this 
species (Table 1) and will undoubtedly be 
useful to the research community.

The results reported by Mesnil and 
colleagues (8) are somewhat surprising 
in regard to the putative Th2-suppressive 
effects of rEos. Eosinophils have been 

ophil populations, the experiments com-
pare tissue eosinophils with iEos present 
in induced sputum, populations that are 
probably different from each other for a 
number of reasons, including technical 
differences in how they were isolated. 
Even though the findings are limited to 
mice for the time being, they are notably 

Conclusions and future 
directions
These are fascinating results, and Mesnil 
and colleagues (8) are to be commend-
ed for characterizing a difficult-to-study 
subpopulation of previously unappreci-
ated eosinophils. At the same time, it is 
important to point out that these com-
pelling findings are primarily limited to 
mice. While some preliminary evidence, 
primarily based on histologic analysis 
of lung samples, suggests that resident 
eosinophils may exist in the human lung, 
the two putative eosinophil populations 
in humans did not express the same dif-
ferential molecular markers. Specifical-
ly, unlike in mice, the levels of CD101 
or SIGLEC-8 (the human equivalent 
of murine Siglec-F) were comparable 
between iEos and rEos, whereas the levels 
of CD62L were variably different. Though 
Mesnil et al. present evidence that the 
IL-3 receptor differentiates the two eosin-

Figure 1. Schematic diagram of the homeo-
static roles of eosinophils. Eosinophils transit 
through the blood stream and home into various 
tissues at baseline. This schematic focuses on 
three tissues — adipose, small intestine, and 
lung. In adipose tissue, eosinophils regulate 
glucose levels and metabolism via eosino-
phil-derived IL-4, which regulates macrophage 
polarization and subsequent generation of 
insulin-sensitizing agents. In the small intes-
tine, eosinophils regulate secretory IgA, mucus 
production and microbiota composition. A study 
in this issue by Mesnil et al. (8) show that in the 
lung, there is a substantial population of rEos 
in the parenchyma. These eosinophils have a 
ringed nucleus and express differential levels 
of Siglec-F and CD62L compared with inflam-
matory eosinophils and also express cardinal 
eosinophil markers including CCR3 and CD123 
(the IL-5 receptor). Lung rEos have putative 
immunosuppressive function. Please note that 
the data in this figure are mainly derived from 
murine studies.

Table 1. Differential properties of rEos and iEos

Property rEos iEos
Location Lung parenchyma Peribronchial
Nucleus Ringed Segmented
Allergen induced No Yes
Siglec-F levels Intermediate High
CD62L levels High Low
CD101 levels Low High
IL-5 dependent No Yes
Role Immunosuppressive Proinflammatory
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Overall, we can conclude that eosinophils 
take up residence in the lung and that it is 
important to understand what they do in 
this newly identified location.
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clearly identified as inflammatory cells, as 
now evidenced by the remarkable effects 
of the recently approved humanized anti–
IL-5 therapy for alleviating eosinophilic 
asthma (9, 10). The results reported by 
Mesnil et al. (8) raise potential concerns 
about the consequences of therapeutically 
ablating eosinophils in humans, as there 
are now several anti-eosinophil cytotoxic 
drugs in clinical development, including 
humanized anti–IL-5 receptor antibodies 
and anti–Siglec-8 agents (9, 11). Though 
these drugs may benefit patients suffer-
ing from asthma who probably have an 
imbalanced iEos/rEos axis, patients with 
other eosinophilic diseases may become 
predisposed to asthma if human rEos are 
a homeostasis-maintaining population 
and depleted by these therapies. These 
possibilities will undoubtedly continue to 
spark the interest of researchers and clini-
cians focused on eosinophilic disorders. 


