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The respective life histories of human subjects and mice are well
defined and describe a unique story of evolutionary
conservation extending from sequence identity within the
genome to the underpinnings of biochemical, cellular, and
physiologic pathways. As a consequence, the hematopoietic

lineages of both species are invariantly maintained, each with
identifiable eosinophils. This canonical presence nonetheless
does not preclude disparities between human and mouse
eosinophils, their effector functions, or both. Indeed, many
books and reviews dogmatically highlight differences, providing
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a rationale to discount the use of mouse models of human
eosinophilic diseases. We suggest that this perspective is
parochial and ignores the wealth of available studies and the
consensus of the literature that overwhelming similarities (and
not differences) exist between human and mouse eosinophils.
The goal of this review is to summarize this literature and in
some cases provide experimental details comparing and
contrasting eosinophils and eosinophil effector functions in
human subjects versus mice. In particular, our review will
provide a summation and an easy-to-use reference guide to
important studies demonstrating that although differences exist,
more often than not, their consequences are unknown and do
not necessarily reflect inherent disparities in eosinophil function
but instead species-specific variations. The conclusion from this
overview is that despite nominal differences, the vast similarities
between human and mouse eosinophils provide important
insights as to their roles in health and disease and, in turn,
demonstrate the unique utility of mouse-based studies with
an expectation of valid extrapolation to the understanding
and treatment of patients. (J Allergy Clin Immunol
2012;130:572-84.)

Key words: Eosinophils, mouse, human, rodent, primate, hematology

Preclinical rodent models, mouse models in particular, have
been the most widely used in studies attempting to understand the
mechanisms underlying human disease. The reasons for this
prominence are numerous and varied, as reviewed by Rosenthal
and Brown,1 including the conservation of genome sequence
complexity2,3 and the commonality of biochemical,4 cellular,5

and physiologic6 pathways. In light of these observations, it is sur-
prising that the differences (and, more importantly, not the simi-
larities) between human subjects and mice are often dogmatically
highlighted.7-9 Studies of eosinophils are also subject to this bias,
with investigators questioning the value of research on mouse
eosinophils and the validity of potential therapeutic options sug-
gested for eosinophil-associated diseases.10,11 As a consequence,
observations suggesting differences in form and function between
human and mouse eosinophils are often the focus of many studies
and the explanation for the failure of mouse models of human eo-
sinophilic diseases (eg, asthma).
The evolutionary conservation between human subjects

(Primata) and mice (Rodentia) is well defined.12 As a direct
consequence, the hematopoietic lineages between these groups

GLOSSARY

5-LIPOXYGENASE: An enzyme that converts arachidonic acid into the

first precursor of the cysteinyl leukotrienes.

A PROLIFERATION-INDUCING LIGAND (APRIL): A ligand involved in

B-cell signaling and maturation.

ARACHIDONIC ACID: A polyunsaturated fatty acid derived from mem-

brane phospholipids through the action of cytosolic phospholipase A2.

CASPASES: Enzymes that are cysteinyl proteases that cleave after

specific aspartyl residues. Caspases are involved in programmed cell

death. A small number of autoimmune lymphoproliferative syndrome

cases are caused by mutations in caspase 10.

CD11B: The a chain of complement receptor 3 (CR3), also known as

CD11b/CD18 (an adhesion molecule).

CD45RA: A cell-surface marker that is an isoform of CD45. CD45RA is a

cell-surface marker for naive T cells. CD45 is essential for T- and B-cell

activation.

CHARCOT-LEYDEN CRYSTAL: Colorless crystals that can occur in the

sputum after an asthmatic attack.

COSTIMULATORY MOLECULE: Costimulatory molecules are required

for optimal cell activation. A commonly discussed costimulatory

molecule on T cells is CD28. CD28 binds to 2 ligands expressed on

antigen-presenting cells: B7.1 (CD80) and B7.2 (CD86). Ligation of CD28

augments T-cell receptor signals.

DOMINANT NEGATIVE MUTATION: A mutation with a gene product

that adversely affects the normal wild-type gene product within the

same cell.

FLOW CYTOMETRY: Cells are incubated with mAbs tagged with fluo-

rescent dyes or fluorochromes that emit light when excited by a light

source (eg, 488 nm, 633 nm). Cells pass one at a time through the light

source, creating 2 types of light emission: scatter and fluorescence.

Scatter is measured by using both forward and side detectors. Forward

scatter relates to cell size, whereas side scatter is a measure of cell

refractivity, which indirectly measures cell granularity.

HETEROCHROMATIC: Relating to heterochromatin, a densely staining

chromatin that appears as nodules in or along chromosomes and

contains relatively few genes.

MYELOPEROXIDASE: An enzyme that mediates the conversion of H2O2

to HOCl and the subsequent killing of phagocytosed bacteria, fungi, and

viruses.

NEGATIVE T-CELL SELECTION: Elimination of T cells in the thymus that

bind to the endogenous peptide presented by theMHCmolecule. These

cells are thought to have a high potential for being self-reactive.

NEW WORLD AND OLD WORLD PRIMATES: New World refers to the

Americas, whereas Old World refers to Europe, Asia, and Africa. The

distinction between these larger groups of primate species arises from

their reproductive isolation occurringwhen South America split off from

Africa (approximately 85 million years ago). The ensuing independent

evolution of these 2primate groupshas resulted in biochemical, cellular,

andmorphologic distinctions. The rapid evolutionary events associated

with immunologic responses have resulted in significant differences in

immunity between New and OldWorld primates, which are highlighted

by unique eosinophil-specific genes appearing in one or the other of

these primate groups.

The Editors wish to acknowledge Daniel A. Searing, MD, for preparing this glossary.

Abbreviations used

CLC: Charcot-Leyden crystal

CMP: Common myeloid progenitor

EAR: Eosinophil-associated ribonuclease

ECP: Eosinophil cationic protein

EDN: Eosinophil-derived neurotoxin

EoP: Eosinophil lineage–committed progenitors

EPX: Eosinophil peroxidase

Gal-10: Galectin-10

GMP: Granulocyte macrophage progenitor

IL-5R: IL-5 receptor

MBP: Major basic protein

MIP: Macrophage inflammatory protein

PMD: Piecemeal degranulation
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are invariantly maintained in type, relative numbers, and general
morphology.13 In particular, the eosinophil lineage–committed
granulocyte is a clearly identifiable component of both human
and mouse blood.14 For that matter, identifiable eosinophils
are found in virtually every vertebrate species, with even
many invertebrates possessing a cell or cells with eosinophilic
character.14,15 The omnipresence of eosinophils nonetheless be-
lies observations that disparities between human and mouse eo-
sinophils exist and that these observed differences might have
significance regarding eosinophil activities. However, we be-
lieve that in the absence of only a rudimentary understanding
of the roles of eosinophils in human subjects, it would be ex-
ceedingly shortsighted to focus on small human versus mouse
differences, as well as to suggest that these differences are of
more significance than the commonalities observed between hu-
man and mouse eosinophils.
The goal of this review is to provide both a global perspective

and a detailed review of data summarizing what is known about
eosinophils in these 2 species, including both similarities and
differences. Table I provides the reader with a summary of the
concepts addressed in this review of human versus mouse eosin-
ophils, as well as a summation of the extensive supplementary ta-
bles linked to this review (ie, titles and numbers of references
cited in a given table/topic area; see Tables E1-E9 in this article’s
Online Repository at www.jacionline.org). Our objectives will be
2-fold: (1) to provide an easy-to-use reference guide to important
studies contrasting the hematopoietic origins, morphology,

proposed effector functions, and role of eosinophils in human
subjects and mice and (2) to demonstrate that although differ-
ences exist, more often than not, their consequences are unknown
and do not necessarily reflect inherent differences in granulocyte
function but instead species-specific variations. More signifi-
cantly, despite these differences, the vast similarities between hu-
man and mouse eosinophils tell us far more regarding the role of
eosinophils in health and disease.

EOSINOPHILOPOIESIS: HEMATOLOGIC ORIGIN

AND DEVELOPMENT/MATURATION
The generation of terminally differentiated eosinophils from

pluripotent hematopoietic stem cells follows a similar path in
human subjects and mice (Fig 1). Specifically, the isolation of a
progenitor population of eosinophils in mice has led directly to
the recent identification of eosinophil lineage–committed progen-
itors (EoPs) in human subjects.16,17 In both species hematopoietic
stem cells in the bone marrow progress through the multipotent
progenitor stage followed by the common myeloid progenitor
(CMP) stage before branching into EoPs in human subjects or
through granulocyte macrophage progenitors (GMPs) and into
EoPs inmice (Fig 1, reviewed byUhm et al18). The surface pheno-
typeused to identifyEoPs in human subjectswasLin2, IL-5 recep-
tor (IL-5R) a1, CD341, CD381, IL-3Ra1, CD45RA- whereas in
mice it was Lin2, IL-5Ra1, Sca2, CD341, ckitlo.16,17Mori et al17

have revised the human CMP population to account for an IL-
5Ra1 population of CMPs (ie, EoPs) from which eosinophils
can develop. Furthermore, the fact that human GMPs, unlike
mouse GMPs, do not differentiate into eosinophils might suggest
that a revision of the human GMP definition is possible as well.
Transcription factors important to eosinophil development are

shared by both species. In particular, GATA-1 and C/EBP-a
expression are critical to eosinophil differentiation. Deletion of
GATA-1 or C/EBP-a in mice results in loss of the eosinophil
lineage. Expression of a dominant negative mutation form of
GATA-1 in human cord blood progenitor cells prevented eosino-
phil differentiation in culture, and ectopic expression of either
GATA-1 or C/EBP-a in cord blood progenitors led to eosinophil
differentiation.19 Promisingly, EoPs from both species display a
similar pattern of expression of GATA-1 and C/EBP-a, as well
as other transcription factors thought to play key roles in eosino-
phil differentiation in both species, including PU.1, FOG-1, and
GATA-2.16,17

Cytokines important to the survival, expansion, and terminal
differentiation of eosinophils from EoPs include IL-3, IL-5, and
GM-CSF. Of these, IL-5 is the most specific to eosinophil
development in both species.20 Accordingly, IL-5 effectively sup-
ports proliferation and survival of eosinophils from bone marrow
culture in human subjects21 and mice.22

Once eosinophils have matured, they either remain in the
marrow or exit into the circulation and then quickly ‘‘home’’ to
selected compartments/tissues. Under inflammatory conditions,
eosinophil progenitor levels are increased in the marrow and are
found in the circulation, as well as in inflamed tissues of each
species. Moreover, inflammation can also promote eosinophilo-
poiesis at extramedullary sites in both human subjects andmice.23

In summary, evolutionary conservation of eosinophilopoiesis
among mammals ultimately represents an experimental strength
as investigators strive to understand the significance of hemato-
logic changes occurring in mouse models.

TABLE I. Human versus mouse eosinophils: review at a glance

1. Eosinophilopoiesis: Hematologic origin and development/maturation

2. Defining characteristics of mature eosinophils in peripheral circulation

d Cell morphology

d Staining properties using Romanowsky dye sets

d Electron microscopic morphology

d Cell-Surface inventory

d Evolutionary conservation, divergence, or both of characteristic

eosinophil-associated genes/proteins

3. Eosinophil location and relative abundance at homeostatic baseline and

disease

4. Eosinophil trafficking and recruitment

5. Eosinophil degranulation and mediator release

6. Eosinophils as regulators of the immune microenvironment

7. The end game: Eosinophil turnover

8. Conclusions/Summary

Supplementary tables

Table E1: Cell-surface phenotype of human and mouse eosinophils (total

references: 98*)

Table E2: Cell-surface phenotype of myeloid cells in human (total

references: 98*)

Table E3: Cell-surface phenotype of myeloid cells in mouse (total

references: 98*)

Table E4: Eosinophils in human diseases and mouse models (total

references: 151)

Table E5: Adhesion molecules used by eosinophils (total references: 43)

Table E6: Eosinophil-specific chemokines and chemokine receptors (total

references: 59)

Table E7: Eosinophil-specific chemoattractants: nonchemokines and

nonchemokine receptors (total references: 53)

Table E8: Modes of eosinophil degranulation (total references: 19)

Table E9: Mediators released from human and mouse eosinophils (total

references: 85)

*Shared reference database of Tables E1 through E3.
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DEFINING CHARACTERISTICS OF MATURE

EOSINOPHILS IN PERIPHERAL CIRCULATION

Cell morphology
Early in the microscopic examination of human blood and that

of many other species, certain similarities of the formed cellular
elements became apparent. Dyes, primarily used to color fabrics
(eg, silk, wool, and cotton) and writing fluids, were applied to
blood films to facilitate visualization. Cytoplasmic granules of a
subset of nucleated blood cells of both human subjects and mice
reacted with acidic aniline dyes. During the latter part of the 19th
century, these granulated leukocytes were named ‘‘eosinophils’’
because of the popular use of dye sets containing eosin Y.
Romanovski (cited frequently as Romanowsky) was the first to
mix the acidic aniline dye eosin Y with azure B to stain blood
cells,24 followed by Giemsa (1902)25 and Wright (1902) stain,26

each modifying the proportions and methods of preparation of
the eosin Y:azure B or azure A1B (a.k.a. azure I) mixture.

Staining properties using Romanowsky dye sets
By using light microscopy, Romanowsky-stained eosinophil

granulocytes of both human and mouse eosinophils have been
examined in samples from a variety of sources (eg, marrow,
circulating blood, nasal swabs, aspirates, bronchoalveolar la-
vages, and sputum). Although qualitative differences might exist,
the similarities between these species are remarkable (Fig 2 and
see Walker et al13 for source references on comparative morphol-
ogy). Eosinophil numbers are within comparable ranges (1% to
3% of total white blood cells) in blood of healthy members of
both species. The eosinophils differ only slightly in size, with

human eosinophils being somewhat greater in diameter (12-15
mm vs 9-12 mm, respectively). Definitive granules of human eo-
sinophils are also slightly larger and commonly more densely
packed in the cytoplasm. Human eosinophils also stain a more vi-
brant magenta with eosin relative tomouse eosinophils because of
the collectively higher cationic change of the human granule pro-
teins (as reviewed below). The nuclei of human and mouse eosin-
ophils are both polymorphic in character. Specifically, the nuclei
of EoPs are converted during differentiation from spherical struc-
tures to elongated and somewhat cylindrical (band and stab
forms) shapes. These nuclear transformations continue, and even-
tually the nuclei of the mature metamyelocytes segment into mul-
tiple lobes (human eosinophils) or, as in the case of mouse
eosinophils, to ring-like structures that also segment, although
less so, before their exit into peripheral circulation. Nuclei of hu-
man eosinophils are typically more heterochromatic than those
of mouse eosinophils, the significance of which is not understood.

Electron microscopic morphology
The circulating mature eosinophils found in the peripheral

blood of both human subjects and mice share a common and
distinct electron microscopic morphology.27,28 This common
electronmicroscopicmorphology is highlighted by the unique ap-
pearance of the polymorphonuclear changes that often appear as
multiple nuclear compartments within the cytoplasm reflective of
the multilobed (human subjects) or ring-like structure (mice) of
the nucleus traversing in and out of the section’s plane. Moreover,
the identification of the abundant secondary granules in the eosin-
ophils of either species is based primarily on these electronmicro-
scopic observations. These assessments invariably show the

FIG 1. Hematopoietic differentiation pathways leading to eosinophils in human subjects versus mice.
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presence of an electron-dense crystalline core within the second-
ary granules of both human subjects and mice that is primarily
composed of major basic protein (MBP) 129-31 and an electron-
translucent matrix comprised of the other abundant eosinophil
granule proteins.29,30,32 It is noteworthy that studies in both spe-
cies have also identified a host of other atypical proteins stored
in the secondary granules of eosinophils, including an array of
cytokines and chemokines.33-35

Cell-surface inventory
The advent of flow cytometry has provided investigators with

an unprecedented ability to identify/characterize white blood
cells by their expression of cell-surface molecules. In part, this
is due to an association of these cell-surface molecules with not
just the identification of a white blood cell type but also its activa-
tion status and other phenotypic features that permit various sub-
classifications. The identification of eosinophils by means of flow
cytometry at its most basic level relies on both the physical nature
of the cell and specific cell-surface molecules. It is important to
note that many of these molecules are found on other cell types
as well (see Tables E1-E3). On a macro level, both human and
mouse eosinophils are high in granularity and therefore ‘‘gate’’

in flow cytometric plots as side-scatterhi. Thus in addition to the
use of specific cell-surface markers, eosinophils in either species
are easily identified. For example, in both human subjects and
mice, eosinophils can be described simply as side-scatterhi cells
staining positive for IL-5Ra and negative for the lineage markers
CD4, CD8, B220, and CD19. Other markers, including CCR3
(human subjects/mice), Siglec-8 (human subjects)/Siglec-F
(mice), EMR1 (human subjects)/F4/80 (mice), and CD11b (hu-
man subjects/mice), are often used to further ensure identification
of eosinophils in either human subjects or mice. Interestingly,
CCR3 is specific for eosinophils in mice, yet can also be found
on other cells, such as T cells, in human subjects. Moreover,
Siglec-F in mice is present on eosinophils and alveolar macro-
phages, whereas Siglec-8 is present on human eosinophils and
mast cells. Similarly, F4/80 is expressed by mouse eosinophils
and macrophages, whereas the human ortholog EMR1 is highly
specific for human eosinophils.
Some useful identification markers are not present on human

cells but are highly used for mouse white blood cell character-
ization. In the mouse the Gr1 cell-surface marker subtype Ly6-G
recognizes eosinophils and neutrophils, with eosinophils being
Gr1lo and neutrophils being Gr1hi. Human subjects do not express
Gr1 and instead follow a pattern whereby resting blood

FIG 2. Human versus mouse eosinophils stained with Romanowsky dye sets reveal remarkable similarities

in cell morphology punctuated by subtle differences, the significance of which is not yet fully understood.

Representative eosinophils were identified from stained blood films of a human subject and a BALB/CJ

mouse and shown in comparison. Scale bars 5 5 mm.
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eosinophils would be CD14lo/CD16lo and then CD14med/
CD16med on activation. These changes in expression could have
consequences in various studies given that peripheral blood eosin-
ophils are generally isolated away from neutrophils by mean of
magnetic depletion of CD16hi neutrophils.

As just described, cell-surface markers are also an indicator of
activation status of the cell. In particular, eosinophils exposed to
activating agents, such as platelet-activating factor, increase their
expression of CD69 in both human subjects and mice. Addition-
ally, mouse and human eosinophils will upregulate chemokine
receptors (eg, CX3CR1), costimulatory molecules, and antigen
presentation molecules (eg, CD86 and MHC class II) on activa-
tion. The study of eosinophil surface markers is expanding but
nonetheless remains behind studies of other leukocytes, such as
neutrophils and mononuclear cells, including monocytes, lym-
phocytes, and dendritic cells, in both human subjects and mice
(see Table E2 vs Table E3). It is likely that similar to the increases
in subclassifications associated with other white blood cells, eo-
sinophil subtype classifications will grow significantly in the
next few years.36We anticipate that this growth in eosinophil sub-
type classifications will likely occur in both species, with more
similarities rather than differences noted.

Evolutionary conservation, divergence, or both of

characteristic eosinophil-associated genes/proteins
Discussions of eosinophil-associated genes/proteins invariably

focus on the genes encoding either the prominent groups of
secondary granule proteins (ie, eosinophil MBPs, eosinophil-
associated ribonucleases [EARs], and eosinophil peroxidase
[EPX]37) or the abundant and primarily cytoplasmic protein
that composes the Charcot-Leyden crystal (CLC), a structure
characteristically found at sites of eosinophil-mediated inflamma-
tion.38 The commonalities and lack thereof of these genes/pro-
teins between human subjects and mice will be used to
highlight general principles and concepts. However, it is impor-
tant to keep in mind that the significance of either the reported dif-
ferences or similarities of these genes/proteins between human
subjects and mice is often obscured by the confounding lack of
a clear understanding of the function of the encoded proteins
(MBPs and CLC), the role the identified protein function has in
eosinophil-mediated activities (EARs and EPX), or the relative
importance of degranulation and the site-specific release of these
proteins.33 In addition, it is also noteworthy that other eosinophil-
associated genes/proteins of significance exist and that in many
cases these are noted in other areas of this review.
Eosinophil MBPs. Orthologous gene pairs (MBP-1 and

MBP-2) are found in both human subjects and mice.39-42 In both
species the abundance of the protein encoded by MBP-1 is the
highest on a molar basis among the eosinophil secondary granule
proteins and is greater than an order of magnitude higher relative
to the protein encoded by the MBP-2 gene.41,42 Nonetheless, sig-
nificant differences between human subjects and mice exist in
terms of both the expression of these genes and the biochemistry
of the encoded proteins. HumanMBP-1, unlike mouse MBP-1, is
transcribed from multiple promoters.43 Human and mouse
MBP-1 appear to be predominantly expressed in eosinophils
(composing the electron-dense cores characteristic of the eosino-
phil secondary granule). However, in human subjects (unknown
in the mouse) expression extends to other leukocytes.44,45 In hu-
man subjects MBP-1 is highly cationic, whereas MBP-2 has lost

this cationic character.42 In contrast, these 2 proteins retain their
cationic character in the mouse.41 Finally, in human subjects ex-
pression of MBP-1 extends to nonleukocytes, such as placental X
cells, which leads to the accumulation of the unprocessed ‘‘pro’’-
form of this protein during pregnancy.46 This placental expression
and serum accumulation of pro–MBP-1 does not occur in the
mouse.41

EARs. The EARs are a rapidly evolving group of genes that
encode multiple family members stored in the electron-
translucent matrix of the secondary granules of both human
(eosinophil cationic protein [ECP]47 and eosinophil-derived neu-
rotoxin [EDN]48) and mouse (Ear-1, Ear-2, Ear-6/7, and Ear-5/
1149,50) eosinophils. These stored ribonucleases are second only
to MBP-1 in abundance on a molar basis in both species. ECP
is a very cationic protein with weak ribonuclease activity48 found
only in human subjects and other Old World primates.51 In com-
parison, EDN is a nominally cationic protein that has a strong ri-
bonuclease activity,51 with orthologs present in both Old World
andNewWorld primates.51 The mouse EARs are not orthologous
with human ECP and EDN and instead represent distant paralo-
gous genes the expansion of which occurred well after the diver-
gence of Primata and Rodentia.50 In the mouse all of the EARs are
nominally cationic proteins, with each retaining strong ribonu-
cleolytic activities.49,50 In both human subjects andmice, these ri-
bonucleases are stored as mature proteins retaining activity in
eosinophil secondary granules. Moreover, in both species this
family of genes is expressed in many cell types other than eosin-
ophils, including other leukocytes52,53 and nonhematopoietic
cells.49,54

EPX. EPX genes in human subjects and mice are orthologous
genes encoding proteins that display significant peroxidase
enzymatic activities and an extraordinarily high level of sequence
identity at the amino acid level (>94%55,56). In both species EPX
is found as part of a closely linked leukocyte-specific pair of per-
oxidase genes (myeloperoxidase-EPX) the duplication event of
which occurred before the divergence of Primata and Rodentia.12

Similar to the encoded EARs, EPX in both human subjects and
mice is stored as a mature functional protein in the electron-
translucent matrix of eosinophil secondary granules and is the
most abundant proteins (by mass) found in the granules of both
species. Among all of the eosinophil granule proteins in either hu-
man subjects or mice, EPX appears to be the most eosinophil spe-
cific, with no published reports demonstrating expression in other
leukocytes or nonhematopoietic cell types.
CLC protein. Human CLC protein was originally identified

as a lysophospholipase expressed predominantly in the cytoplasm
but also present in the primary granules of eosinophils.57 How-
ever, subsequent studies have demonstrated that human CLC is
not a lysophospholipase and instead is a member of the larger ga-
lectin family that is also described as galectin-10 (Gal-10).38

Studies of CLC/Gal-10 in human subjects demonstrated that it
is one of the most highly expressed genes in eosinophils45 and
that this expression was not limited to eosinophils, with tran-
scripts also noted in regulatory T cells.58 The activities mediated
by CLC/Gal-10 in either eosinophils or T cells are unclear, and in
turn, the role or roles of CLC/Gal-10 in human subjects remain
obscure. Surprisingly, despite its prominent level of expression
in eosinophils and the relative conservation of the galectin gene
family between human subjects and mice, genome sequencing
has demonstrated unambiguously that CLC/Gal-10 is absent
from the mouse genome,3 which is consistent with the lack of
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reports in the literature noting the presence of this structure in
mouse models of human disease.

EOSINOPHIL LOCATION AND RELATIVE

ABUNDANCE AT HOMEOSTATIC BASELINE AND

DISEASE
The 20th century saw many significant attempts to expand on

the observations of Paul Erlich59 and correlate eosinophil infiltra-
tion of organs/tissues with health and disease, such as the work of
Huber and Koessler.60 These ongoing studies continue today with
ever-increasing scope and complexity.61 A commonality that sur-
rounds all of these studies (despite the hyperbole associated with
some reviews in the literature9,10) is that the identification of eo-
sinophils in tissues/organs during health and disease has been
strikingly similar between human subjects and mice. For exam-
ple, both human subjects and mice have similar peripheral blood
and marrow distribution of eosinophils relative to other white
blood cells; as such, eosinophils comprise approximately 2% of
the peripheral white blood cells and approximately 8% of bone
marrow leukocytes.13 Eosinophils are also found at homeostatic
baseline of otherwise healthy human subjects andmice in the gas-
trointestinal tract (ie, stomach to rectum), thymus, secondary
lymphoid tissues, uterus, and adipose tissue.61 The specific and
unique role or roles of eosinophils in the tissues/organs of healthy
subjects in both species is the subject of current debates and inves-
tigations. However, the commonality of this tissue distribution be-
tween human subjects and mice suggests eosinophils contribute
to tissue/organ-specific pathways mediating the maintenance of
homeostasis15 and that these roles have been conserved since
the radiation of the major extant mammalian orders.12

An equally provocative conservation between human subjects
and mice occurs when examining the relative increase in eosin-
ophil numbers and location as part of the changes associated with
different diseases (see Table E4). In many cases the specific and
unique role or roles of eosinophils in these tissues remains to be
defined; yet again, the overwhelming consensus is that far more
similarities between human subjects and mice exist relative to
small variations that have been observed (many of which remain
unclear, unresolved, or both).
Interestingly, this list of eosinophil-associated diseases in

human subjects has expanded dramatically over the last 2
decades. Thus eosinophils are now linked with an expansive
number of diseases in human subjects beyond simply parasitic
infections and allergic diseases, such as asthma.62 More impor-
tantly, as documented in Table E4, this expanding number of
eosinophil-associated human diseases has been accompanied by
a concomitant increase in mouse models of human disease with
similar eosinophil associations. This commonality again suggests
an underlying conservation of eosinophil effector functions
among mammals. In turn, this lack of substantive differences be-
tween human subjects and mice raises expectations for the utility
and ultimately the validity of mouse models in studies of
eosinophil-associated diseases in human subjects.

EOSINOPHIL TRAFFICKING AND RECRUITMENT
Inflammatory cytokines are released in response to tissue

injury, infection, or both, stimulating the surrounding cells to
produce adhesion molecules and chemotactic factors that signal
the recruitment of various leukocytes, including eosinophils.

The movement of eosinophils out of the circulation to sites of
inflammation is a well-orchestrated process that involves adhe-
sion to the vascular endothelium, diapedesis into surrounding
tissues, and trafficking to inflammatory sites. This process has
been well studied in both human subjects and mouse models,
with very little disparity. Tables E5, E6, and E7 provide details
available regarding the similarities/differences between human
subjects and mice associated with eosinophil diapedesis and re-
cruitment into inflamed tissues. Specifically, they address simi-
larities/differences in cell adhesion molecules (see Table E5),
chemokines and their corresponding receptors (see Table E6),
and nonchemokines and their receptors (see Table E7). As is ap-
parent from these tables, there are only a few differences be-
tween human and mouse eosinophils with respect to
trafficking and recruitment. Despite this overwhelming similar-
ity in human versus mouse recruitment/trafficking, several areas
of debate and/or notable difference in eosinophil chemotaxis
exist.
First, although CCR3-mediated chemotactic events between

human subjects and mice are conserved, differences exist in the
expression of the various eotaxin chemokines. There are 3 known
human eotaxin chemokines (eotaxin-1 [CCL11], eotaxin-2
[CCL24], and eotaxin-3 [CCL26]) expressed in response to
inflammatory events. Mice, on the other hand, only express
eotaxin-1 (CCL11) and eotaxin-2 (CCL24) and possess only an
eotaxin-3 (CCL26) pseudogene (ie, a nonfunctional gene). In
addition, mice do not display eosinophil chemotaxis in response
to human eotaxin-3.63

Second, RANTES is an eosinophil agonist chemokine (CCL5)
that is also involved in recruitment of monocytes, eliciting effects
through interactions with either CCR3 or CCR1 receptors. In
human subjects RANTES (CCL5) binds directly to appropriate
receptors on eosinophils to signal their recruitment.64 Mice
express a RANTES ortholog (CCL5), and in vivo experiments ap-
pear to show that it also elicits the recruitment of eosinophils.65-68

However, purified mouse eosinophils do not chemotax in direct
response to RANTES (CCL5), likely because of the inability of
mouse RANTES (CCL5) to bind to mouse CCR3.63 This suggests
that although RANTES (CCL5) might mediate eosinophil che-
motaxis in the mouse, it occurs through an unknown mechanism
ormechanisms of activationmediated by other concurrent inflam-
matory pathways. Thus species-specific differences in cytokine/
chemokine-mediated trafficking events might exist in detail, but
other selective pressures have maintained a degree of common
functionality.
Third, as noted above, small molecule–mediated chemotaxis of

eosinophils is a central component of recruitment and trafficking,
particularly products of arachidonic acid metabolism, such as
leukotriene B4.

69 However, many other lipid mediators with
very robust eosinophil chemotactic properties have been identi-
fied, with 5-oxo-ETE as a representative example. This lipid me-
diator is generated from its precursor, 5-HETE, through oxidation
in the 5-lipoxygenase pathway of arachidonic acid metabolism.
In human subjects it is a strong chemoattractant that specifically
binds to the oxoeicosanoid receptor 1, which is highly expressed
on eosinophils.70-73 In mice its role in eosinophil chemotaxis is
not yet fully elucidated. Specifically, studies have not demon-
strated a strong chemotactic response (our unpublished observa-
tions), possibly because of the lack of the specific receptor (ie,
oxoeicosanoid receptor 1) that has yet to be identified on the
cell surface of mouse eosinophils.74
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EOSINOPHIL DEGRANULATION AND MEDIATOR

RELEASE

Eosinophil degranulation
Human and mouse eosinophils are, by definition, granulocytes,

and for obvious reasons, the process of degranulation (ie, the
extracellular release of granule contents) has been suggested to
be singularly important to eosinophil effector function or func-
tions. Specifically, after 1 or more events characterized as
‘‘priming’’ or ‘‘activation,’’ eosinophils are capable of rapid and
stimulus-specific release of intact granules, preformed granular
contents, or both independent of the classical ER-Golgi secretion
pathway. Clinical studies, in vitro/ex vivo experimentation, and
assessments of mouse models of human disease suggest that 4
mechanisms, pathways, or both leading to degranulation exist
that can vary between human subjects and mice (see Table E8).
These mechanisms include (1) classical exocytosis (ie, the release
of granule contents through the fusion of individual granules and
the plasma membrane); (2) compound exocytosis (ie, homotypic
fusion of multiple secretory granules to form ‘‘supergranules’’ be-
fore fusion with the plasma membrane); (3) piecemeal degranula-
tion (PMD; ie, gradual stepwise release of granule contents
through secretory vesicles budding, mobilizing, and fusing with
the plasma membrane); and (4) cytolytic release of otherwise in-
tact granules (ie, the release of otherwise intact cytoplasmic gran-
ules as a consequence of rupturing the plasma membrane as part
of necrotic cell death).
Studies of both human subjects and mouse models have

demonstrated that PMD is a common mechanism of eosinophil
degranulation. Secretory vesicles fusing with the plasma mem-
brane have been detailed elegantly in several in vitro/ex vivo stud-
ies using human eosinophils.75-80 PMD in human subjects has
also been shown to occur in response to defined environmentally
relevant stimuli (eg, antibody-mediated cross-linking of Fc recep-
tors81). However, such demonstrations are limited when investi-
gating mouse eosinophils. Although the available data suggest
that mouse eosinophils are capable of undergoing PMD, exam-
ples of this phenomenon in the mouse are rare by comparison
and only mechanistically suggestive. For example, exposure of
mouse eosinophils in vitro to 1 or more agonists appears to elicit
the piecemeal release of eosinophil granule proteins,82,83 and in
some cases these activated eosinophils display ultrastructural
changes detectable by using electron microscopy suggestive of
PMD.83 In vivo studies of mouse disease models also provide ev-
idence suggestive of PMD, including assessments of eosinophils
recruited to the lung in response of allergen provocation84,85 and
eosinophils accumulating in the lung as a consequence of consti-
tutive expression of IL-5 and eotaxin-2 (CCL24).86

Studies of patients highlight the surprisingly wide scope and
extensive character of ECL as a mode of release of human
eosinophil granule components. The extracellular deposition of
otherwise intact eosinophil secondary granules within tissues are
readily detectable in patients with allergic asthma,87 rhinitis,88

atopic dermatitis,89 acute lung injury,90 and eosinophilic esopha-
gitis.91,92 The commonality of this phenomenon has led investiga-
tors to give a name to these released and largely intact eosinophil
granules: clusters of free eosinophil granules.93 Indeed, recent
studies in both human subjects andmice have suggested that these
extracellular granules might even function autonomously,
responding to physiologically relevant stimuli in their tissue
microenvironment.83,94 However, in contrast to human subjects,

documented cases of ECL occurring in mouse models of
human disease are very limited, and even these cases are more
subjective interpretation than demonstrable evidence of this
mechanism.86,95

Collectively, the data show that the release of eosinophil
granule proteins (ie, degranulation) is a phenomenon occurring in
both human subjects and mice. Nonetheless, species-specific
mechanisms achieving this degranulation in vivo are also evident.
This dichotomy is highlighted as the easily observable eosinophil
degranulation that occurs in human asthmatic patients96,97 in
contrast to only sporadic reports of nominal (if any)
eosinophil degranulation occurring in the lungs in mouse
models.31,32,82,86,98-100 These observations demonstrate that the
responses of human and mouse eosinophils to physiologic stimuli
in all cases are not necessarily the same, and in regard to asthma
studies, these differences have led some investigators to question
the relevance/importance of mouse models.10,11 Unfortunately,
the resolution of this and other debates regarding the utility of
mousemodels of human disease has been slow in coming because
the significance of these species-specific differences has often re-
mained unclear. Moreover, the role of degranulation itself in eo-
sinophil effector function or functions in either human subjects
or mice is still debatable and awaits a more complete experimen-
tal definition.33

Eosinophil mediator release
The importance and critical character of the release by eosin-

ophils of various mediators is highlighted by the wealth of
outstanding reviews with in-depth discussions published re-
cently.83,95,101-105 They describe and review efforts to elucidate
triggers, mechanisms, and subsequent pathways resulting from
mediator release in the context of homeostasis and disease pathol-
ogy. Table E9 is a comprehensive summary of mediators secreted
from eosinophils, stimuli/conditions that cause/aid this release,
and exhaustive references to the respective studies. This summary
is inclusive of both in vitro/ex vivo studies of isolated populations
of eosinophils (thus avoiding ambiguity as to the source of the
mediators), as well as examples of eosinophil degranulation and
mediator release in vivo. For the most part, the available studies
do not necessarily allow exact comparisons between human and
mouse eosinophils; few complementary studies of these granulo-
cytes exist using the same experimental conditions, agonist stim-
uli (ie, in most cased responses were achieved with different
secretagogues), or identical in vivo provocations (a rare exception
is Meeusen and Balic106). Despite the comparative difficulties, it
is extraordinarily informative that even though experimental con-
ditions have often varied in detail, the composition of granule pro-
teins and cellular mediators released from either human or mouse
eosinophils in response to comparable stimuli have largely
overlapped.
As shown in Table E9, and as discussed earlier, human and

mouse eosinophils are each capable of (1) secreting cationic pro-
teins from their secondary granules that are often orthologous in
origin; (2) releasing reactive oxygen species on priming/activa-
tion; (3) secreting cytokines, chemokines, growth factors, and
lipid mediators as part of innate and acquired immune re-
sponses/inflammation; and (4) releasing mitochondrial DNA
and other antibacterial agents as part of innate host defense.
The mediators and secretagogues studied in one species were
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often not studied in the other, and thus it is noteworthy that appar-
ent human versus mouse variations are not necessarily differences
but simply the lack of overlapping datasets (see Table E9). For ex-
ample, the secretion of b-glucuronidase, soluble CD16, ENA-78,
GM-CSF, IL-8, kynurenins, macrophage inflammatory protein
(MIP) 3, matrix metalloproteinase 9, nerve growth factor, osteo-
pontin, stem cell factor, and TGF-a has been studied extensively
in human subjects. However, similar studies have not been re-
ported in the mouse or at best have only tangentially been ad-
dressed. Alternatively, the release of C10, ELC, IL-17, IL-2,
interferon-inducible protein 10, monocyte chemoattractant pro-
teins 1 and 5, macrophage-derived chemokine, monokine induced
by IFN-g, MIP-1a, MIP-1g, MIP-2, thymus and activation-
regulated chemokine, and TGF-b secretion was studied in far
more detail in mouse eosinophils in comparison with their human
counterparts.
It is also instructive to recognize that the studies available in

the literature have noted species-specific differences in
mediator release between human and mouse eosinophils. These
differences include secretagogues that commonly initiate degran-
ulation in human eosinophils (IL-5, IL-3, GM-CSF, and eotaxin-
1 [CCL-11]) but have little to no effect on mouse eosinophils. In
addition, some stimuli, such as platelet-activating factor, elicit the
secretion of IL-9, IL-13, IL-1 receptor a, basic fibroblast growth
factor, RANTES, and platelet-derived growth factor b from
human eosinophils but did not have similar effects on mouse
eosinophils derived ex vivo from bone marrow cultures.106 As is
often the case in comparisons of human and mouse eosinophils,
the significance (if any) of differences noted in mediator release
are unknown. Thus although these differences exist and are exper-
imentally repeatable, they might represent only nominal varia-
tions between distinct mammalian species and not necessarily
fundamental divergences in eosinophil effector functions.

EOSINOPHILS AS REGULATORS OF THE IMMUNE

MICROENVIRONMENT
As noted earlier, hematologic systems and immune pathways

are very similar between human subjects and mice. This is
inherently evident by the use of the mouse as a model of human
disease not only in academic research but also in pharmaceutical
industry studies. However, only recently have studies of both
human and mouse eosinophils in health and disease enabled an
appreciation of the eosinophil as a specific immune regulatory
cell on par with the functionality of other regulatory cells (eg,
dendritic cells).15,103,107,108

Eosinophils from both human subjects and mice are similar in
their capacities to function as both innate cells and regulators of
adaptive immunity. This includes the expression of surface
markers of immunologic relevance (see Table E1), the expression
of immune-modulating cytokines (TH1: IL-12 and IFN-g; TH2:
IL-4, IL-5, IL-9, IL-13, IL-25; proinflammatory: IL-6, IL-1b,
and TNF-a; suppressive: TGF-b, IL-10, and indolamine-2,3,oxy-
genase35,109), proteases (eg, matrix metalloproteinase 9110,111),
and lipid mediators (eg, leukotrienes and prostaglandins112,113),
the activation of receptors eliciting innate responses to select
pathogens (eg, Toll-like receptors114,115 and proteinase-
activated receptor 2116-118), the generation of reactive oxygen spe-
cies,119 and the release of genomic/mitochondria/DNA.120 Some
of these immune mediators have been described in human sub-
jects but do not exclude their expression in mice. Thus many of

the differences between human subjects and mice are either a re-
sult of insufficient research, an inability to assess eosinophil activ-
ities in human subjects, or true interspecies variations.
The role of eosinophils as immune regulators of the adaptive

immune system was originally realized on the isolation of
eosinophils from human subjects that were found to have
increased MHC class II and costimulatory receptor expres-
sion.121-123Mousemodels enabled the elucidation of this function
and demonstrated a similar capacity to process and present anti-
gens,124,125 migrate to the secondary lymph nodes,126 and induce
cytokine release from T cells.127,128 Through the use of
eosinophil-deficient animals, eosinophils were demonstrated to
modulate directly the local immune polarization of TH2 versus
TH1/TH17 T-cell responses.

129 These complex systemic pathways
are not possible to measure in human subjects with current meth-
odologies but likely occur based on correlations found between
eosinophils and immune polarization in various disease states,
such as viral exacerbation in asthmatic patients,130 transplant re-
jection,131 and autoimmune diseases,132 as well as potentially re-
lated/similar inflammatory events (eg, inflammatory bowel
disease133).

Additional immune responses that have only been demon-
strated to date in themouse but are not excluded to occur in human
subjects include the role of eosinophils in plasma B-cell survival
through the release of IL-6 and a proliferation-inducing ligand
(APRIL).134 This might have particular significance in human
subjects, who also rely on IL-6 and a proliferation-inducing lig-
and for plasma B-cell survival.135Moreover, in themouse glucose
homeostasis has also been demonstrated to be mediated by
eosinophil-dependent immune regulation of macrophages in adi-
pose tissue.136 These immune regulatory activities of eosinophils
on macrophages in mice might represent a novel inflammatory
process linked to metabolic diseases of human subjects, in
whom inflammatory macrophages are known to be significant
mediators of disease.137 In addition, mouse eosinophils have
been shown to modulate immune environments for remodeling
and repair in health and disease, such as reproductive develop-
ment138,139 and neuronal branching and growth.140 In the latter
example parallels between human and mouse eosinophils are
highlighted by similar capabilities to express neuromediators,
suggesting these mechanisms are translational.141

Eosinophil associations with underlying immune events in a
larger context have also been described in both human subjects
and mice. For example, human and mouse eosinophils have been
shown to localize to the thymus and are hypothesized to have a
contributory role in the process of negative T-cell selection,142,143

TH2 polarization of the thymus,142,144 or both. In both human sub-
jects and mice, eosinophil Toll-like receptor activation is associ-
ated with antiviral activities.145-147 Moreover, eosinophil
immune/remodeling pathways are likely similar between human
subjects and mice in response to cancer and transplant rejection,
particularly because eosinophils are found in parallel tissue sites
in equivalent numbers (see Table E4).

In summary, just as dendritic cells, T lymphocytes, macro-
phages, B cells, and mast cells, for example, have similar immune
activities between human subjects and mice, eosinophils from
these species also appear to display similar immune-mediating
functions. Differences that do arise are likely due to evolutionary
events that result in paralogous functions or alternative pathways
leading to the same end point. Occasionally, evolutionary diver-
gences do exist, yet they appear to be limited in number and
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represent only a minor portion of the total immune response or
responses. Thus the further eosinophils are studied in both
patients and mouse models of human disease, the more similar
their respective immune activities and functions become
apparent.

THE END GAME: EOSINOPHIL TURNOVER
Eosinophil survival and death are regulated by the local

immune microenvironment. The cytokines IL-3, IL-5, and GM-
CSF generally enable survival of eosinophils in both human
subjects148 and mice.149 Withdrawal of these prosurvival cyto-
kines is often sufficient for cellular stress-induced cell death
through activation of caspases. Although the signaling pathways
leading to passive cell death in human and mouse eosinophils
have not been compared side by side, they likely rely on similar
mechanisms and play a similar role in basal turnover. The causes
of actively induced apoptosis vary between human and mouse eo-
sinophils, but there are also many similarities. For example, hu-
man150 and mouse151 eosinophils undergo apoptosis on ligation
of Fas (CD95), particularly in the presence of TNF-a and
IFN-g, leading to activation of caspase-3 and caspase-8. Simi-
larly, human and mouse eosinophils express paralogous sialic
acid–binding immunoglobulin-like lectins linked with eosinophil
apoptosis (see Table E1). The presence of IL-5 enhances the ap-
optotic mediating effects of these lectins in human subjects and
results in activation of reactive oxygen species and mitochondrial
dysfunction152; similar effects on mouse eosinophils have yet to
be reported.153 The identification of additional targets, such as
CD30154 and CD300a,155 described on human eosinophils does
not preclude their presence or function on mouse eosinophils. Fi-
nally, both human and mouse eosinophils are susceptible to
corticosteroid-induced cell death. Corticosteroid binding to re-
ceptors on eosinophils is proposed to lead to downregulation of
IL-5, inhibition of nuclear factor kB, and the activation of cas-
pases.156-158 This highlights a key feature for the translational ap-
plication of mice as a model of human disease: the majority of
cellular targets for eosinophil-induced death are retained between
these 2 mammalian species.

CONCLUSIONS/SUMMARY
The exhaustive summary presented here and in Tables E1

through E9 provides a clear demonstration of the thesis articu-
lated in the introductory paragraphs. Specifically, genetic, bio-
chemical, molecular, and morphologic differences between
human and mouse eosinophils exist. However, most of these dif-
ferences are often either of unknown significance or ‘‘cosmetic’’
in character, leaving what we believe is an inherent underlying
truth: eosinophils and their associated effector functions are activ-
ities all mammals gained from a protomammalian ancestor, with
specific differences subsequently arising because of selective
pressures on each extant mammalian order and, in turn, individual
families, species, or both. Thus the structural and, more impor-
tantly, functional similarities between human and mouse eosino-
phils simply reflect the amazing level of propinquity
demonstrated from the available genomic sequence studies.
This conclusion has significant logistic consequences on our un-
derstanding of human disease and the development of therapeutic
options. Specifically, the significant overlap and similarities be-
tween human and mouse eosinophils suggested by the literature

highlights the unique utility of mouse-based studies with an ex-
pectation of valid extrapolation to the understanding and treat-
ment of human eosinophil-associated diseases.
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Supplementary Table 9.
Mediators released from mouse and human eosinophils

MEDIATOR SECRETED

HUMAN MOUSE

Occurance Stimulus/Condition Reference Occurance Stimulus/Condition Reference

EOSINOPHIL GRANULE PROTEINS

MBP

YES Alternaria 1 YES PMA, ex vivo 2

YES DAMPs, HMGB1 3

YES Eotaxin 1 with 0.1% ovalbumin 4

YES IL-5 5

EPX

YES A23187 6 YES A23187 7

YES anti-CD48 8 YES Allergen (OVA), Lung 2

YES C3a 9 NO Eotaxins 10, 7

YES C3b 11 NO fMLP 10

YES C5a 12, 9 NO GMCSF 10

YES DAMPs, HMGB1 3 NO IgA 7

YES Eotaxins 13, 6 NO IL-3 10

YES fMLP 12, 6, 14 NO IL-5 7, 10

YES Filaria antigens 15 YES PAF, lysoPAF 10, 16

YES GM-CSF 17 NO PMA 7, 10

YES IFNγ 17 YES SCF 18

YES IL-2 17

YES IgE 15

YES IL-8 12

YES Nerve cells 14

YES PAF, lysoPAF 10, 12

YES PMA 6

EDN

YES anti-CD9 19

NA

YES anti-CD48 8
YES anti-LIR7 19

YES Arternaria 1, 20

YES C3b 11
YES Der f1 21

YES Eotaxin 22, 23

YES EPO 24
YES GM-CSF 25

YES IgA 26, 27, 28, 25

YES IL-3 25
YES IL-33 29

YES IL-5 5, 25

YES Ionomycin 26, 27

YES Lactoferrin 30
YES MCP-4 22
YES MPB 24
YES NOD2 agonist 31

YES PAF 21, 20, 32, 25, 23

YES Papain 21
YES PMA 25

YES RANTES 25, 22, 23

YES Substance P 33
YES TNF-alpha 25
YES Trypsin 32



Supplementary Table 9.
Mediators released from mouse and human eosinophils

MEDIATOR SECRETED

HUMAN MOUSE

Occurance Stimulus/Condition Reference Occurance Stimulus/Condition Reference

EOSINOPHIL GRANULE PROTEINS (continued)

ECP

YES C3a 34

Not Applicable

YES C3b 11
YES C5a 34, 35
YES Eotaxin 36, 37
NO Eotaxin 35

YES IFNγ
(ECP released from free granules) 36

YES IL5 5, 38
YES IP-10 37
YES GM-CSF 38, 35

YES LTC4

(ECP released from free granules)
39

YES LTD4

(ECP released from free granules)
39

YES LTE4

(ECP released from free granules)
39

YES Mig 37
YES PAF 35
YES RANTES 40

EAR NA YES PMA 41
YES Eotaxin 41



Supplementary Table 9.
Mediators released from mouse and human eosinophils

MEDIATOR SECRETED

HUMAN MOUSE

Occurance Stimulus/Condition Reference Occurance Stimulus/Condition Reference

REACTIVE OXYGEN SPECIES

-O2

YES A23187 6 NO Eotaxin 42
YES DAMPs, HMGB1 3

YES
Eotaxins

13, 21, 42, 6 YES Eotaxin-2 7

YES Extract of M. corti 43

YES FMLP 44, 6 NO FMLP 7

YES GM-CSF 25 NO IL-5 42
YES IgA 25 YES PAF 7
YES IL-3 25 NO PAF 42

YES IL33 29 YES PMA 7, 45, 42

YES IL-4 25
YES IL-5 42
YES Lactoferrin 30
YES sPLA2 46

YES PAF 44, 25, 47

YES Papain 13, 21

YES PMA 44, 42, 6, 25, 47

YES TNFα 29
YES Trypsin (through PAR-2), PAF 32



Supplementary Table 9.
Mediators released from mouse and human eosinophils

MEDIATOR SECRETED

HUMAN MOUSE

Occurance Stimulus/Condition Reference Occurance Stimulus/Condition Reference

CYTOKINES, CHEMOKINES, GROWTH FACTORS

beta-glucuronidase
YES C3a 9
YES C5a 9
YES sPLA2 46

C10 YES OVA model of allergic inflammation 48
YES SCF 18

CD16 soluble YES FMLP 49
ELC YES OVA model of allergic inflammation 48

ENA-78
YES Eotaxin 50
YES IL-5 50
YES TNF-α 50

Eotaxin

YES C5a 51 NO IL-33 52
YES IL-16 53 NO PAF 10
YES Ionomycin 51
YES PAF 10

Eotaxin-2 NO IL-33 52

FGF YES PAF 10 NO IL-33 52
NO PAF 10

GM-CSF YES IgA 26
YES Ionomycin 24, 26

GROα

YES IL-1 54 NO IL-33 52
YES IL-17A 55
YES IL-17F 55
YES IL-23 55
YES TNFα 54

IFNγ

YES IL-10 56 NO Eotaxin 10
YES IL-12 56 NO IL-33 52
YES IL-4 56 YES IL-6 10
YES TNFα 56 YES IL-6 10

YES none 57
IL-1α NO IL-33 52

IL-1β
YES IL-17A 55 NO Eotaxin 10
YES IL-17F 55 NO IL-33 52
YES IL-23 55 YES IL-6 10

IL-1Rα YES PAF 10 NO PAF 10

IL-10
YES Chimeric hIgE 58 YES Chimeric hIgE 58
YES IL-12 56 NO IL-33 52
YES IL-4 56 YES none 57

IL-12

YES A23187 19, 59 NO Eotaxin 10
YES anti-CD9 19, 59 NO IL-33 52
YES anti-LIR7 19 YES IL-6 10
YES IL-10 56

IL-13

YES anti-CD28 60 YES IL-33 52
YES IL-10 56 NO PAF 10
YES IL-12 56
YES PAF 10

IL-17 NO IL-33 52
IL-2 NO IL-33 52
IL-3 YES Ionomycin 24



Supplementary Table 9.
Mediators released from mouse and human eosinophils

MEDIATOR SECRETED

HUMAN MOUSE

Occurance Stimulus/Condition Reference Occurance Stimulus/Condition Reference

CYTOKINES, CHEMOKINES, GROWTH FACTORS (continued)

IL-4

YES A23187 19, 59 NO IL-33 52
YES anti-CD9 59 YES none 57

YES Eotaxin 61, 53, 62, 19, 59

YES GM-CSF 63
YES IFNγ 63
YES IFNγ 56
YES IL-1 63
YES IL-10 56
YES IL-12 56
YES IL-16 53
YES IL-5 63
YES Lectins 64
YES RANTES 61, 53, 62, 63
YES TNF 63
YES TNFα 56

IL-5
YES IgA 65 NO IL-33 52
YES IgE 65
YES IgG 65

IL-6

YES IFNγ 66, 17, 56 YES none 57
YES IL-2 17 YES IL-33 52
YES IL-12 56
YES IL-17A 55
YES IL-17F 55
YES Mast cell sonicate 67
YES sPLA2 46
YES TNFα 56

IL-8

YES C5a 68
YES FMLP 68
YES GM-CSF 69
YES IgA 26
YES IL-17A 55
YES IL-17F 55
YES IL-23 55
YES IL-33 29
YES IL-5 26, 29
YES Ionomycin 26
YES Mast cell sonicate 67
YES MBP 27
NO MIP-1α 68

YES NOD1 and NOD2 agonists
with GM-CSF 31

YES PAF 69
NO PAF 68

YES PMA 69
YES sPLA2 46
YES RANTES 69
NO RANTES 68

IL-9

YES PAF 10 NO Eotaxin 10
YES IL-1β 70 YES IL-6 10
YES TNFα 70 YES none 57

NO PAF 10
IP10 NO IL-33 52

Kynurenins

YES GM-CSF 71
YES IFNγ 71
YES IL-3 71
YES IL-5 71



Supplementary Table 9.
Mediators released from mouse and human eosinophils

MEDIATOR SECRETED

HUMAN MOUSE

Occurance Stimulus/Condition Reference Occurance Stimulus/Condition Reference

CYTOKINES, CHEMOKINES, GROWTH FACTORS (continued)

MCP-1 NO Eotaxin 10
YES IL-6 10

MCP-5 YES OVA model of allergic inflammation 48
MDC YES SCF 18
MIG NO IL-33 52

MIP-1α YES none 57
YES OVA model of allergic inflammation 48

MIP-1β
YES IL-17A 55 YES SCF 18
YES IL-17F 55
YES IL-23 55

MIP-1γ YES OVA model of allergic inflammation 48
MIP-2 YES OVA model of allergic inflammation 48

MIP-3

NO IFNγ 72
NO IgA 72

YES GM-CSF 72
YES IL-5 72

MMP-9

YES IL-5 73
YES PAF 73
YES none 74
NO FMLP 74

NGF YES IgA 75
YES IL-5 75

Osteoponin YES GM-CSF 76
YES IL-5 76

PDGF-bb YES PAF 10 NO PAF 10

RANTES

YES Eotaxin 53 NO PAF 10
NO GM-CSF 77 YES SCF 18
NO IFNα 77

YES IFNγ 77
YES IL-16 53
NO IL-3 77
NO IL-5 77

YES PAF 10

SCF
NO A23187 78

YES Chymase 78
NO PMA 78

TARC YES IL-33 52
YES SCF 18

TGFα YES GM-CSF + IL-5 79
YES IL-3 + IL-5 79

TGFβ

NO Eotaxin 42
YES IL-3 42
YES IL-33 52
YES IL-5 42

TNFα
YES IFNγ 56 NO Eotaxin 10
YES IL-10 56 NO IL-33 52, 10

YES IL-6 10
VEGF YES augmented by GM-CSF and IL-5 80



Supplementary Table 9.
Mediators released from mouse and human eosinophils

MEDIATOR SECRETED

HUMAN MOUSE

Occurance Stimulus/Condition Reference Occurance Stimulus/Condition Reference

LIPID MEDIATORS

Arachidonic Acid YES FMLP 81

LTC4

YES A23187 19, 82, 46 YES A23187 42
YES anti-CD9 19 YES Eotaxin 83
YES anti-LIR7 19 YES extract of M. corti 43
YES Eotaxin 19 YES IL-5 84
YES IgG 82 YES MIP-1 alpha 83
YES IL-16 53 YES MIP-1 beta 83
YES FMLP 46, 81, 14 YES PMA+ionomycin 84
YES Ionomycin 27 YES SCF 18
YES Lactoferrin 30 YES TCA-3 83
YES MBP 27
YES Nerve cells 14
YES sPLA2 46

PAF
YES A23187 82
NO sPLA2 46

YES IgG 82

Mitochondrial DNA
YES LPS 85 YES Cecal ligation and puncture 85
YES C5a 85
NO Eotaxin 85
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Supplementary Table 1
Cell Surface Phenotype of Human and Mouse Eosinophils‡

Human Mouse

Resting Activated Resting Activated

CD45 +++ +++ CD45 +++ +++
IL-5R/CD125 +++ ++ IL-5R/CD125 +++ ++
CCR3/CD193 +++ ++ CCR3/CD193 +++ ++
Siglec-8 ++ +++ Siglec-F ++ +++
EMR1 (F4/80) ++ ++ F4/80 ++ ++
CD69 + +++ CD69 - ++
Gr1 (Ly6C) *** *** Gr1 (Ly6C) ++ ++
Gr1(Ly6G) *** *** Gr1(Ly6G) + +
HLA-DR + ++ MHC II - +
CD86 + +++ CD86 +/- ++
CD103 NA NA CD103 NA NA
Cd11c +/- + Cd11c +/- +/-
Cd11b + +++ Cd11b + +++
CD14 +/- + CD14 +/- +
CD16 (FcgRIII) - ++ CD16 (FcgRIII) +/- +/-
CD32 (FcGRIIB) ++ +++ CD32 (FcGRIIB) ++ +++
CD3 +/-* +/-* CD3 - -
CD4 +/- +/- CD4 - -
CD8 - - CD8 - -
CD19 - - CD19 - -
B220 - - B220 - -
CD68 - - CD68 - -
CD115/M-CSFR - - CD115/M-CSFR - -
IL-3R/CD123 + +++ IL-3R/CD123 +/- NA
CD62L ++ + CD62L ++ +
CD40 + + CD40 +/- +
CD54/ICAM-1 +/- ++ CD54/ICAM-1 +/- ++
CD28 +/- ++ CD28 +/- ++
CD44 +++ ++ CD44 ++ ++
CX3CR1 + +++ CX3CR1 + +++
CD23  (FceRII) +++ ++ CD23 (FceRII) - -
CD22 (siglec-2) + ++ CD22 (siglec-2) NA NA
CD1c/BDCA-1 - - CD1c/BDCA-1 *** ***
BDCA-3/CD141 - - BDCA-3/CD141 *** ***
BDCA-2 + + BDCA-2 *** ***
BDCA-4 - - BDCA-4 *** ***
CD15/Lewis-X ++ ++ CD15/Lewis-X NA NA
CD33/Siglec-3 + +/- CD33 (Siglec-3) NA NA
CD66b + ++ CD66b *** ***
CD56/NCAM - + CD56/NCAM NA NA
CD154/CD40L + ++ CD154/CD40L NA NA
CD52 + ++ CD52 NA NA
GMCSFR/CD116 ++ ++ GMCSFR/CD116 ++ ++
c-kit/CD117 - - c-kit/CD117 - -
CD49b/DX5 + + CD49b/DX5 - -
CD49d/VLA-4 + +++ CD49d/VLA-4 + +++
FceRI/MAR-1 +/- ++ FceRI/MAR-1 +/-* +/-*
CD30L - ++ CD30L NA NA
Toll-like receptors + ++ Toll-like receptors + ++
PAR2 + ++ PAR2 + ++
CD9 ++ ++ CD9 NA NA

Eosinophils Eosinophils

NA= not available; * variable in studies; **changes with cell subsets; ***not present
+/- no expression to low expression; + to +++ increasing expression
‡Eosinophil-specific Literature1-69



Supplementary Table 2
Cell Surface Phenotype of Myeloid Cells in Human¶

Human Neutrophils

pDC mCd1c+ mBDCA-3+
resident
CD14+
CD16+

inflammatory
cd14+cd16-

monocytic granulocytic Activated

CD45 +++ +++ +++ +++ +++ +++ +++ +++
IL-5R/CD125 - - - - - - - -
CCR3/CD193 - - - - NA - - -
Siglec-8 (Siglec-F) - - - - - - +/-* -
EMR1 (F4/80) - - - + ++ - - -
CD69 - + - - + +/- +/- +/-
Gr1 (Ly6C) *** *** *** *** *** *** *** ***
Gr1(Ly6G) *** *** *** *** *** *** *** ***
HLA-DR + ++ + ++ + +/- +/- +/-*
CD86 + +++ ++ + - +/- - +/-*
CD103 NA NA NA NA NA NA NA NA
Cd11c - +++ + +++ + - - -
Cd11b - + - ++ ++ ++ ++ ++
CD14 - + - + +++ + +/-* +/-
CD16 (FcgRIII) - - - +++ - + + +++
CD32 (FcGRIIB) - ++ - + +++ + + ++
CD3 - - - - - - - -
CD4 + + + - - - - -
CD8 - - - - - - - -
CD19 - - - - - - - -
B220 +/-** - - - - - - -
CD68 - - +/-** ++ +++ +/-** - -
CD115/M-CSFR - - - + ++ ++ - -
IL-3R/CD123 +++ + - +/- - - - -
CD1c/BDCA-1 - +++ - - - - - -
BDCA-3/CD141 - - +++ +/- - - - -
BDCA-2 +++ - - + + + + +
BDCA-4 +++ - - - - - - -
CD15/Lewis-X - - - - - - +/-** +++
CD33/Siglec-3 +/-** ++ + + +++ +++ +++ +

Monocytes Myeloid-derived
suppressor cellsDCs

NA= not available; * variable in studies; **changes with cell subsets; ***not present
+/- no expression to low expression; + to +++ increasing expression
¶Human and Mouse Literature70-98



Supplementary Table 3
Cell Surface Phenotype of Myeloid Cells in Mouse§

Mouse Neutrophils

plasmacytoid conventional
inflammatory

DC
interstitial

lung
lung

alveolar
resident

monocyte
inflammatory
monocytes monocytic granulocytic Activated

CD45 +++ +++ +++ +++ +++ +++ +++ +++ +++ +++
IL-5R/CD125 - - - - - - - - - +/-*
CCR3/CD193 - - - - - - - - - -
Siglec-F - - - + +++ - NA - - -
F4/80 - - +/- +++ +++ +++ ++ ++ +/- -
CD69 - - - + + - + - - +/-
Gr1 (Ly6C) ++ - +++ - - + +++ +++ + ++
Gr1(Ly6G) - - - - - - - +/- +++ +++
MHC II ++ +/- +++ +++ + - ++ +/-** +/-** -
CD86 +++ +++ +++ + +/- +/- ++ +/-** +/-** +/-**
CD103 ++ +/-* - - - - - NA NA NA
Cd11c ++ +++ + - +++ +/- - +/- +/- -
Cd11b - +/-** +++ +++ + ++ +++ +++ +++ +++
CD14 + + + + + + ++ ++ +/- +/-
CD16 (FcgRIII) - + NA + + ++ +/- NA NA +++
CD32 (FcGRIIB) + + NA + + + ++ NA NA ++
CD3 - - - - - - - - - -
CD4 +/-** +/-** - - - - - - - -
CD8 +/-** +/-** - - - - - - - -
CD19 - - - - - - - - -
B220 +++ - - - - - - - - -
CD68 - +/-** - ++ ++ ++ ++ +/-** - -
CD115/M-CSFR - - - ++ ++ + ++ +/-** - -
IL-3R/CD123 +/-** - - - - +/- - - - -

DCs Macrophage
Myeloid-derived
suppressor cells

NA= not available; * variable in studies; **changes with cell subsets; ***not present
+/- no expression to low expression; + to +++ increasing expression
§Human and Mouse Literature70-98



References: Supplementary Tables 1, 2 and 3

1. Cook PC, Aynsley SA, Turner JD, Jenkins GR, Van Rooijen N, Leeto M, et al. Multiple helminth infection of the

skin causes lymphocyte hypo-responsiveness mediated by Th2 conditioning of dermal myeloid cells. PLoS

pathogens 2011; 7:e1001323.

2. Bates ME, Liu LY, Esnault S, Stout BA, Fonkem E, Kung V, et al. Expression of Interleukin-5- and Granulocyte

Macrophage-Colony-Stimulating Factor-Responsive Genes in Blood and Airway Eosinophils. Am. J. Respir. Cell

Mol. Biol. 2004; 30:736-43.

3. Silveira-Lemos D, Teixeira-Carvalho A, Martins-Filho OA, Oliveira LF, Correa-Oliveira R. High expression of co-

stimulatory and adhesion molecules are observed on eosinophils during human Schistosoma mansoni infection.

Mem Inst Oswaldo Cruz 2006; 101 Suppl 1:345-51.

4. Silveira-Lemos D, Teixeira-Carvalho A, Martins-Filho OA, Alves Oliveira LF, Costa-Silva MF, Matoso LF, et al.

Eosinophil activation status, cytokines and liver fibrosis in Schistosoma mansoni infected patients. Acta tropica

2008; 108:150-9.

5. Duez C, Dakhama A, Tomkinson A, Marquillies P, Balhorn A, Tonnel A-B, et al. Migration and accumulation of

eosinophils toward regional lymph nodes after airway allergen challenge. Journal of Allergy and Clinical

Immunology 2004; 114:820-5.

6. Weller PF, Rand TH, Barrett T, Elovic A, Wong DT, Finberg RW. Accessory cell function of human eosinophils.

HLA-DR-dependent, MHC-restricted antigen-presentation and IL-1 alpha expression. J Immunol 1993; 150:2554-

62.

7. Virchow JC, Jr., Julius P, Matthys H, Kroegel C, Luttmann W. CD14 expression and soluble CD14 after

segmental allergen provocation in atopic asthma. The European respiratory journal : official journal of the

European Society for Clinical Respiratory Physiology 1998; 11:317-23.

8. Davoine F, Lavigne S, Chakir J, Ferland C, Boulay ME, Laviolette M. Expression of FcgammaRIII (CD16) on

human peripheral blood eosinophils increases in allergic conditions. J Allergy Clin Immunol 2002; 109:463-9.

9. de Andres B, Mueller AL, Blum A, Weinstock J, Verbeek S, Sandor M, et al. Fc gammaRII (CD32) is linked to

apoptotic pathways in murine granulocyte precursors and mature eosinophils. Blood 1997; 90:1267-74.

10. Fattah D, Page KR, Bezbaruah S, Priest RC, Horgan CM, Solari R. A rapid activation assay for human

eosinophils based on adhesion to immobilized ICAM-1, VCAM-1 and IgG. Cytokine 1996; 8:248-59.

11. Kim JT, Schimming AW, Kita H. Ligation of Fc gamma RII (CD32) pivotally regulates survival of human

eosinophils. J Immunol 1999; 162:4253-9.



12. Kanters D, ten Hove W, Luijk B, van Aalst C, Schweizer RC, Lammers JW, et al. Expression of activated Fc

gamma RII discriminates between multiple granulocyte-priming phenotypes in peripheral blood of allergic

asthmatic subjects. J Allergy Clin Immunol 2007; 120:1073-81.

13. Walker C, Rihs S, Braun RK, Betz S, Bruijnzeel PL. Increased expression of CD11b and functional changes in

eosinophils after migration across endothelial cell monolayers. J Immunol 1993; 150:4061-71.

14. Ogawa K, Hashida R, Miyagawa M, Kagaya S, Sugita Y, Matsumoto K, et al. Analysis of gene expression in

peripheral blood eosinophils from patients with atopic dermatitis and in vitro cytokine-stimulated blood

eosinophils. Clinical and experimental immunology 2003; 131:436-45.

15. Sabroe I, Jones EC, Usher LR, Whyte MK, Dower SK. Toll-like receptor (TLR)2 and TLR4 in human peripheral

blood granulocytes: a critical role for monocytes in leukocyte lipopolysaccharide responses. Journal of

immunology 2002; 168:4701-10.

16. Plotz SG, Lentschat A, Behrendt H, Plotz W, Hamann L, Ring J, et al. The interaction of human peripheral blood

eosinophils with bacterial lipopolysaccharide is CD14 dependent. Blood 2001; 97:235-41.

17. Al-Rabia MW, Blaylock MG, Sexton DW, Thomson L, Walsh GM. Granule protein changes and membrane

receptor phenotype in maturing human eosinophils cultured from CD34+ progenitors. Clin Exp Allergy 2003;

33:640-8.

18. Mawhorter SD, Stephany DA, Ottesen EA, Nutman TB. Identification of surface molecules associated with

physiologic activation of eosinophils. Application of whole-blood flow cytometry to eosinophils. J Immunol 1996;

156:4851-8.

19. Barthel SR, Jarjour NN, Mosher DF, Johansson MW. Dissection of the hyperadhesive phenotype of airway

eosinophils in asthma. American journal of respiratory cell and molecular biology 2006; 35:378-86.

20. Nissim Ben Efraim AH, Munitz A, Sherman Y, Mazer BD, Levi-Schaffer F, Eliashar R. Efficient purification of

eosinophils from human tissues: a comparative study. J Immunol Methods 2009; 343:91-6.

21. Johnsson M, Bove M, Bergquist H, Olsson M, Fornwall S, Hassel K, et al. Distinctive blood eosinophilic

phenotypes and cytokine patterns in eosinophilic esophagitis, inflammatory bowel disease and airway allergy. J

Innate Immun 2011; 3:594-604.

22. Matsumoto K, Appiah-Pippim J, Schleimer RP, Bickel CA, Beck LA, Bochner BS. CD44 and CD69 represent

different types of cell-surface activation markers for human eosinophils. American Journal of Respiratory Cell &

Molecular Biology 1998; 18:860-6.

23. Seton K, Hakansson L, Carlson M, Stalenheim G, Venge P. Apoptotic eosinophils express IL-2R chains alpha

and beta and co-stimulatory molecules CD28 and CD86. Respir Med 2003; 97:893-902.



24. Dallaire MJ, Ferland C, Page N, Lavigne S, Davoine F, Laviolette M. Endothelial cells modulate eosinophil

surface markers and mediator release. Eur Respir J 2003; 21:918-24.

25. Kroegel C, Liu MC, Hubbard WC, Lichtenstein LM, Bochner BS. Blood and bronchoalveolar eosinophils in allergic

subjects after segmental antigen challenge: surface phenotype, density heterogeneity, and prostanoid production.

J Allergy Clin Immunol 1994; 93:725-34.

26. Neuwirth A, Dobes J, Oujezdska J, Ballek O, Benesova M, Sumnik Z, et al. Eosinophils from patients with type 1

diabetes mellitus express high level of myeloid alpha-defensins and myeloperoxidase. Cell Immunol 2012;

273:158-63.

27. Dyer KD, Garcia-Crespo KE, Killoran KE, Rosenberg HF. Antigen profiles for the quantitative assessment of

eosinophils in mouse tissues by flow cytometry. J Immunol Methods 2011; 369:91-7.

28. Padigel UM, Lee JJ, Nolan TJ, Schad GA, Abraham D. Eosinophils can function as antigen-presenting cells to

induce primary and secondary immune responses to Strongyloides stercoralis. Infect Immun 2006; 74:3232-8.

29. Shi HZ, Humbles A, Gerard C, Jin Z, Weller PF. Lymph node trafficking and antigen presentation by

endobronchial eosinophils. Journal of Clinical Investigation 2000; 105:945-53.

30. Zhang JQ, Biedermann B, Nitschke L, Crocker PR. The murine inhibitory receptor mSiglec-E is expressed broadly

on cells of the innate immune system whereas mSiglec-F is restricted to eosinophils. Eur J Immunol 2004;

34:1175-84.

31. Hamaguchi-Tsuru E, Nobumoto A, Hirose N, Kataoka S, Fujikawa-Adachi K, Furuya M, et al. Development and

functional analysis of eosinophils from murine embryonic stem cells. Br J Haematol 2004; 124:819-27.

32. Hamann J, Koning N, Pouwels W, Ulfman LH, van Eijk M, Stacey M, et al. EMR1, the human homolog of F4/80, is

an eosinophil-specific receptor. Eur J Immunol 2007; 37:2797-802.

33. McGarry MP, Stewart CC. Murine eosinophil granulocytes bind the murine macrophage-monocyte specific

monoclonal antibody F4/80. J Leukoc Biol 1991; 50:471-8.

34. Mori Y, Iwasaki H, Kohno K, Yoshimoto G, Kikushige Y, Okeda A, et al. Identification of the human eosinophil

lineage-committed progenitor: revision of phenotypic definition of the human common myeloid progenitor. J. Exp.

Med. 2009; 206:183-93.

35. Iwasaki H, Mizuno S, Mayfield R, Shigematsu H, Arinobu Y, Seed B, et al. Identification of eosinophil lineage-

committed progenitors in the murine bone marrow. J Exp Med 2005; 201:1891-7.

36. White JR, Imburgia C, Dul E, Appelbaum E, O'Donnell K, O'Shannessy DJ, et al. Cloning and functional

characterization of a novel human CC chemokine that binds to the CCR3 receptor and activates human

eosinophils. J Leukoc Biol 1997; 62:667-75.



37. Grimaldi JC, Yu NX, Grunig G, Seymour BW, Cottrez F, Robinson DS, et al. Depletion of eosinophils in mice

through the use of antibodies specific for C-C chemokine receptor 3 (CCR3). J Leukoc Biol 1999; 65:846-53.

38. Floyd H, Ni J, Cornish AL, Zeng Z, Liu D, Carter KC, et al. Siglec-8. A novel eosinophil-specific member of the

immunoglobulin superfamily. J Biol Chem 2000; 275:861-6.

39. Aizawa H, Zimmermann N, Carrigan PE, Lee JJ, Rothenberg ME, Bochner BS. Molecular analysis of human

Siglec-8 orthologs relevant to mouse eosinophils: identification of mouse orthologs of Siglec-5 (mSiglec-F) and

Siglec-10 (mSiglec-G). Genomics 2003; 82:521-30.

40. Hartnell A, Moqbel R, Walsh GM, Bradley B, Kay AB. Fc and CD11/CD18 receptor expression on normal density

and low density human eosinophils. Immunology 1990; 69:264-70.

41. Das AM, Flower RJ, Perretti M. Eotaxin-induced eosinophil migration in the peritoneal cavity of ovalbumin-

sensitized mice: mechanism of action. J Immunol 1997; 159:1466-73.

42. Feng YH, Mao H. Expression and preliminary functional analysis of Siglec-F on mouse macrophages. J Zhejiang

Univ Sci B 2012; 13:386-94.

43. Bochner BS. Siglec-8 on human eosinophils and mast cells, and Siglec-F on murine eosinophils, are functionally

related inhibitory receptors. Clin Exp Allergy 2009; 39:317-24.

44. Wang HY, Shen HH, Lee JJ, Lee NA. CD69 expression on airway eosinophils and airway inflammation in a

murine model of asthma. Chin Med J (Engl) 2006; 119:1983-90.

45. Jinquan T, Jing C, Jacobi HH, Reimert CM, Millner A, Quan S, et al. CXCR3 expression and activation of

eosinophils: role of IFN-gamma-inducible protein-10 and monokine induced by IFN-gamma. J Immunol 2000;

165:1548-56.

46. Li H, Chunsong H, Guobin C, Qiuping Z, Qun L, Xiaolian Z, et al. Highly up-regulated CXCR3 expression on

eosinophils in mice infected with Schistosoma japonicum. Immunology 2004; 111:107-17.

47. Lucey DR, Nicholson-Weller A, Weller PF. Mature human eosinophils have the capacity to express HLA-DR. Proc

Natl Acad Sci USA 1989; 86:1348-51.

48. Legrand F, Driss V, Woerly G, Loiseau S, Hermann E, Fournie JJ, et al. A functional gammadeltaTCR/CD3

complex distinct from gammadeltaT cells is expressed by human eosinophils. PloS one 2009; 4:e5926.

49. Ema H, Suda T, Nagayoshi K, Miura Y, Civin CI, Nakauchi H. Target cells for granulocyte colony-stimulating

factor, interleukin-3, and interleukin-5 in differentiation pathways of neutrophils and eosinophils. Blood 1990;

76:1956-61.

50. Dallaire MJ, Ferland C, Lavigne S, Chakir J, Laviolette M. Migration through basement membrane modulates

eosinophil expression of CD44. Clin Exp Allergy 2002; 32:898-905.



51. Watanabe Y, Hashizume M, Kataoka S, Hamaguchi E, Morimoto N, Tsuru S, et al. Differentiation stages of

eosinophils characterized by hyaluronic acid binding via CD44 and responsiveness to stimuli. DNA Cell Biol 2001;

20:189-202.

52. Woerly G, Lacy P, Younes AB, Roger N, Loiseau S, Moqbel R, et al. Human eosinophils express and release IL-

13 following CD28-dependent activation. J Leukoc Biol 2002; 72:769-79.

53. Woerly G, Roger N, Loiseau S, Dombrowicz D, Capron A, Capron M. Expression of CD28 and CD86 by human

eosinophils and role in the secretion of type 1 cytokines (Interleukin 2 and interferon gamma). Inhibition By

immunoglobulin a complexes. J Exp Med 1999; 190:487-96.

54. Ohkawara Y, Lim KG, Xing Z, Glibetic M, Nakano K, Dolovich J, et al. CD40 expression by human peripheral

blood eosinophils. J Clin Invest 1996; 97:1761-6.

55. Gauchat JF, Henchoz S, Fattah D, Mazzei G, Aubry JP, Jomotte T, et al. Cd40 ligand is functionally expressed on

human eosinophils. European J Immunol 1995; 25:863-5.

56. Wen T, Mingler MK, Blanchard C, Wahl B, Pabst O, Rothenberg ME. The pan-B cell marker CD22 is expressed

on gastrointestinal eosinophils and negatively regulates tissue eosinophilia. J Immunol 2012; 188:1075-82.

57. Elsner J, Hochstetter R, Spiekermann K, Kapp A. Surface and mRNA expression of the CD52 antigen by human

eosinophils but not by neutrophils. Blood 1996; 88:4684-93.

58. Grangette C, Gruart V, Ouaissi MA. IgE receptor on human eosinophils (FcERII): comparison with B cell CD23

and association with an adhesion molecule. J. Immunol. 1989; 143:3580-8.

59. Gounni AS, Lamkhioued B, Ochiai K, Tanaka Y, Delaporte E, Capron A, et al. High-affinity IgE receptor on

eosinophils is involved in defence against parasites. Nature 1994; 367:183-6.

60. Rumi C, Rutella S, Leone G, Bonini S. Fc-RII/CD23 receptor on circulating human eosinophils [letter]. Blood

1998; 91:2621-2.

61. de Andres B, Rakasz E, Hagen M, McCormik ML, Mueller AL, Elliot D, et al. Lack of Fc-epsilon receptors on

murine eosinophils: implications for the functional significance of elevated IgE and eosinophils in parasitic

infections [see comments]. Blood 1997; 89:3826-36.

62. Crocker PR, Varki A. Siglecs, sialic acids and innate immunity. Trends in immunology 2001; 22:337-42.

63. Dulkys Y, Kluthe C, Buschermohle T, Barg I, Knoss S, Kapp A, et al. IL-3 induces down-regulation of CCR3

protein and mRNA in human eosinophils. J Immunol 2001; 167:3443-53.

64. Hara T, Miyajima A. Function and signal transduction mediated by the interleukin 3 receptor system in

hematopoiesis. Stem cells 1996; 14:605-18.

65. Takeda K, Akira S. Toll-like receptors in innate immunity. Int Immunol 2005; 17:1-14.



66. Schmidlin F, Amadesi S, Dabbagh K, Lewis DE, Knott P, Bunnett NW, et al. Protease-activated receptor 2

mediates eosinophil infiltration and hyperreactivity in allergic inflammation of the airway. J Immunol 2002;

169:5315-21.

67. Coughlin SR. Thrombin signalling and protease-activated receptors. Nature 2000; 407:258-64.

68. Matsuwaki Y, Wada K, Moriyama H, Kita H. Human eosinophil innate response to Alternaria fungus through

protease-activated receptor-2. Int Arch Allergy Immunol 2011; 155 Suppl 1:123-8.

69. Wong CK, Cheung PF, Ip WK, Lam CW. Intracellular signaling mechanisms regulating toll-like receptor-mediated

activation of eosinophils. Am J Respir Cell Mol Biol 2007; 37:85-96.

70. Lambrecht BN, Hammad H. Lung dendritic cells in respiratory viral infection and asthma: from protection to

immunopathology. Annu Rev Immunol 2012; 30:243-70.

71. Shortman K, Liu YJ. Mouse and human dendritic cell subtypes. Nature reviews. Immunology 2002; 2:151-61.

72. Gabrilovich DI, Ostrand-Rosenberg S, Bronte V. Coordinated regulation of myeloid cells by tumours. Nat Rev

Immunol 2012; 12:253-68.

73. Peranzoni E, Zilio S, Marigo I, Dolcetti L, Zanovello P, Mandruzzato S, et al. Myeloid-derived suppressor cell

heterogeneity and subset definition. Current opinion in immunology 2010; 22:238-44.

74. Ziegler-Heitbrock L, Ancuta P, Crowe S, Dalod M, Grau V, Hart DN, et al. Nomenclature of monocytes and

dendritic cells in blood. Blood 2010; 116:e74-80.

75. Taylor PR, Martinez-Pomares L, Stacey M, Lin HH, Brown GD, Gordon S. Macrophage receptors and immune

recognition. Annu Rev Immunol 2005; 23:901-44.

76. Saha P, Geissmann F. Toward a functional characterization of blood monocytes. Immunol Cell Biol 2011; 89:2-4.

77. Geissmann F, Jung S, Littman DR. Blood monocytes consist of two principal subsets with distinct migratory

properties. Immunity 2003; 19:71-82.

78. Auffray C, Sieweke MH, Geissmann F. Blood monocytes: development, heterogeneity, and relationship with

dendritic cells. Annu Rev Immunol 2009; 27:669-92.

79. Bruhns P. Properties of mouse and human IgG receptors and their contribution to disease models. Blood 2012.

80. Sandilands GP, Ahmed Z, Perry N, Davison M, Lupton A, Young B. Cross-linking of neutrophil CD11b results in

rapid cell surface expression of molecules required for antigen presentation and T-cell activation. Immunology

2005; 114:354-68.

81. Smith PD, Smythies LE, Shen R, Greenwell-Wild T, Gliozzi M, Wahl SM. Intestinal macrophages and response to

microbial encroachment. Mucosal Immunol 2011; 4:31-42.



82. Dzionek A, Fuchs A, Schmidt P, Cremer S, Zysk M, Miltenyi S, et al. BDCA-2, BDCA-3, and BDCA-4: three

markers for distinct subsets of dendritic cells in human peripheral blood. J Immunol 2000; 165:6037-46.

83. Choi J, Suh B, Ahn YO, Kim TM, Lee JO, Lee SH, et al. CD15+/CD16low human granulocytes from terminal

cancer patients: granulocytic myeloid-derived suppressor cells that have suppressive function. Tumour Biol 2012;

33:121-9.

84. Mortellaro A, Wong SC, Fric J, Ricciardi-Castagnoli P. The need to identify myeloid dendritic cell progenitors in

human blood. Trends Immunol 2010; 31:18-23.

85. Greten TF, Manns MP, Korangy F. Myeloid derived suppressor cells in human diseases. International

immunopharmacology 2011; 11:802-7.

86. Wood B. Multicolor immunophenotyping: human immune system hematopoiesis. Methods Cell Biol 2004; 75:559-

76.

87. Kuijpers TW, Tool AT, van der Schoot CE, Ginsel LA, Onderwater JJ, Roos D, et al. Membrane surface antigen

expression on neutrophils: a reappraisal of the use of surface markers for neutrophil activation. Blood 1991;

78:1105-11.

88. Lai L, Alaverdi N, Maltais L, Morse HC, 3rd. Mouse cell surface antigens: nomenclature and immunophenotyping.

J Immunol 1998; 160:3861-8.

89. Turley SJ, Fletcher AL, Elpek KG. The stromal and haematopoietic antigen-presenting cells that reside in

secondary lymphoid organs. Nat Rev Immunol 2010; 10:813-25.

90. Hashimoto D, Miller J, Merad M. Dendritic cell and macrophage heterogeneity in vivo. Immunity 2011; 35:323-35.

91. Rose S, Misharin A, Perlman H. A novel Ly6C/Ly6G-based strategy to analyze the mouse splenic myeloid

compartment. Cytometry A 2012; 81:343-50.

92. Heath WR, Carbone FR. Dendritic cell subsets in primary and secondary T cell responses at body surfaces. Nat

Immunol 2009; 10:1237-44.

93. Daley JM, Thomay AA, Connolly MD, Reichner JS, Albina JE. Use of Ly6G-specific monoclonal antibody to

deplete neutrophils in mice. Journal of leukocyte biology 2008; 83:64-70.

94. Hammad H, Lambrecht BN. Dendritic cells and epithelial cells: linking innate and adaptive immunity in asthma.

Nat Rev Immunol 2008; 8:193-204.

95. Abi Abdallah DS, Egan CE, Butcher BA, Denkers EY. Mouse neutrophils are professional antigen-presenting cells

programmed to instruct Th1 and Th17 T-cell differentiation. International immunology 2011; 23:317-26.

96. Gordon S, Taylor PR. Monocyte and macrophage heterogeneity. Nat Rev Immunol 2005; 5:953-64.



97. Kinhult J, Egesten A, Benson M, Uddman R, Cardell LO. Increased expression of surface activation markers on

neutrophils following migration into the nasal lumen. Clinical and experimental allergy : journal of the British

Society for Allergy and Clinical Immunology 2003; 33:1141-6.

98. Flores M, Desai DD, Downie M, Liang B, Reilly MP, McKenzie SE, et al. Dominant expression of the inhibitory

FcgammaRIIB prevents antigen presentation by murine plasmacytoid dendritic cells. Journal of immunology 2009;

183:7129-39.



Supplementary Table 4
Eosinophils in Human Diseases and Mouse Models

Disease
Category Subcategory

Human Eosinophil Levels Mouse Eosinophil Levels

Healthy
Uninvolved

Tissue
Disease References

Healthy
Uninvolved

Tissue
Disease References

Inflammatory
Hypersensitivity

Asthma
(Lung) - +++ 1-3 - +++ 4-6

Rhinitis
(Nasal) - +++ 7-9 - +++ 10, 11

Dermatitis
(Skin) - +++ 12-14 - +++ 15, 16

Conjunctivitis
(Eye) - +++ 17, 18 - +++ 19, 20

Other
Inflammatory

Diseases

Eosinophilic
Eosophagitis
(Esophagus)

- +++ 21-24 - +++ 25, 26

Ulcerative
colitis
(Colon)

++ ++++ 27-29 ++ ++++ 30-32

Crohn’s
Disease

(Large and
Small Intestine)

++ ++++ 27-29 ++ ++++ 33, 34

Duchenne’s
Muscular

Dystrophy
(Skeletal Muscle)

- +++ 35 - +++ 36, 37

Idiopathic
Myositis

(Skeletal Muscle)
- +++ 38-40 - NA NA

Atherosclerosis
(Vasculature) - +++ 41, 42 - +++ 43

Transplant
Rejection

Lung - +++ 44-46 - NA NA
Cardiac - +++ 47-49 - +++ 50-52
Corneal - +++ 55 - +++ 56, 57

Skin - +++ 58 - +++ 59-62
Liver - +++ 63, 64 - +++ 65
Renal - +++ 66, 67 - NA NA

Cancer

Pancreas - +++ 68, 69 - +++ 69
Bladder - +++ 69-71 - NA NA

Liver - +++ 72 - ++
(cell line) 73

Kidney - +++ 74 - NA NA
Breast - +++ 75-78 - NA NA

Melanoma
(Skin) - +++ 79, 80 - ++

(cell line) 81-83

Colon ++++ ++ 69, 75, 84 ++ NA NA
Glioblastoma

(Brain) +++ - 69, 85 - +++
(cell line) 86

Gastric ++++ ++ 87, 88 ++ ++++ 89
Oral/Nasal +++ -/+ 90 -/+ NA NA

Uterine +++ -/+ 91, 92 -/+ NA NA
Cervix +++ -/+ 75, 92, 93 -/+ NA NA

Lung +++ - 45, 75, 94,
95

- +++
(cell line) 96



Supplementary Table 4 (continued)
Eosinophils in Human Diseases and Mouse Models

NA= not available
- no expression; -/+ low expression; + to ++++ increasing levels of expression

Disease
Category Subcategory

Human Eosinophil levels Mouse Eosinophil levels

Healthy Disease References Healthy Disease References

Hypereosinophilic

Eosinophilic
leukemia

(Bone Marrow/
Blood)

+ +++ 97-99 + +++ 100, 101

Hypereosinophilic
syndrome

(Bone Marrow/
Blood)

+ +++ 102, 103 + +++ 104, 105

Infectious

Helminth - tissue
dependent 106-108 - tissue

dependent 109-112

Respiratory Virus
(Lung) - +++ 113-116 - +++ 117-120

Bacterial - tissue
dependent 121-126 - tissue

dependent 127, 128

Fungal - tissue
dependent 129-131 - tissue

dependent 132, 133

Reproductive

Pre-term labor
(Uterus) -/+ +++ 134-136 -/+ +++ 137

Endometriosis
(Uterus and

Ectopic Sites)
-/+ +++ 138, 139 -/+ NA

Autoimmune

Autoimmune
Pancreatitis
(Pancreas)

- +++ 140, 141 - NA NA

Neuromyelitis
Optica

(Optic Nerve
CNS))

- +++ 142, 143 - NA NA

Scleroderma - tissue
dependent 144 - tissue

dependent 145

Other

Cystic Fibrosis - +++ 146, 147 - NA NA
Lung Injury - +++ 148 - ++ 149
Pulmonary

Hypertension NA NA NA - +++ 150, 151
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Supplementary Table 5
Adhesion Molecules Used by Eosinophils

Name Alternative Name(s)

Human Mouse
Present on
Eosinophil

Cell Surface
References

Present on
Eosinophil

Cell Surface
References

PSGL-1 CD162 yes 1 yes 2, 3

VLA-4 α4β1-integrin
CD49d/CD29 yes 4-8 yes 9-12

Mac-1 αLβ2-integrin
CD11b/CD18 yes 5, 7, 13 yes 10-12, 14

LFA-1 αLβ2-integrin
CD11a/CD18 yes 7, 15 yes 10, 14

α4β7-integrin CD49d yes 8, 16, 17 yes 18, 19

αMβ2-integrin CD11b yes 16, 20, 21 yes 22

αXβ2-integrin CD11c yes 5, 16 yes 23

α6β1-integrin CD49f, VLA-6 yes 4, 15, 16,
24 unknown -

αDβ2-integrin CD11d yes 16 unknown -

Galectin-3 Mac-2 yes 25 yes 26, 27

CD44 hyaluronic acid
receptor/HERMES yes 15, 28, 29 yes 30, 31

sialyl-Lewis x - yes 32, 33 yes 33, 34

VCAM-1 CD106 yes 16, 20, 34-
37 yes 2, 10, 14

ICAM-1 CD54 yes 16, 35 yes 2, 10, 14,
38

MAdCAM-1 Addressin yes 16, 17, 37 yes 8, 18

E-selectin CD62E yes 35 yes 2, 10

P-selectin CD62P yes 1, 39, 40 yes 2, 10, 38

L-selectin CD62L yes 7, 41 yes 2, 42, 43
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Supplementary Table 6.
Eosinophil-Specific Chemokines & Chemokine Receptors

Name Alias

Human
Eosinophil

Chemotactic
Response

Human
References

Mouse
Eosinophil

Chemotactic
Response

Mouse
References

Li
ga

nd

Eotaxin-
1 CCL11 yes 1-8 yes 9-13

Eotaxin-
2 CCL24 yes 2, 3, 5, 8, 14 yes 9, 12, 15

Eotaxin-
3 CCL26 yes 3, 5, 9, 16, 17 no 9

MCP-2 CCL8 yes 18 yes 10, 19, 20

MCP-3 CCL7 yes 6, 8, 18, 21-24 yes 10, 20

MCP-4 CCL13 yes 2, 8, 23, 25 yes 9

MCP-5 CCL12 yes 26 yes 10, 11, 27

RANTE
S CCL5 yes 1, 6-8, 21, 22, 24, 28-32 no 9, 11, 33-35

MIP-1α CCL3 yes 1, 7, 21, 22, 30 yes 11, 27, 33, 36

MIP1- α CCL9 unknown yes 20, 27

MIP-3 α CCL20 yes 37 yes 20, 38, 39

C10 CCL6 unknown yes 20, 27

Mig CXCL10 yes 40-42 yes 43-46

IP-10 CXCL10 yes 40-42 yes 39, 44-46

I-TAC CXCL11 yes 42 yes 46

MEC CCL28 yes 47 yes 48

R
ec

ep
to

r

Name Alias
Human

Eosinophil
Expression

Human
References

Mouse
Eosinophil
Expression

Mouse
References

CCR1 CD191 yes 49 yes 9, 50, 51

CCR2 CD192 yes 14 yes 9

CCR3 CD193 yes
1, 2, 4, 6, 8, 14, 17, 25, 49,

52-54 yes 9, 12, 19, 43, 44

CCR5 CD195 yes 14, 55 yes 9, 50, 51

CCR6 CD196 yes 37 yes 38

CCR8 CD198 yes 56-58 yes 51

CXCR2 IL8Rα yes 14, 49, 53 yes 9, 19, 59

CXCR3 CD182/CD1
83 yes 14, 40-42, 54 yes 19, 39, 44

CXCR4 CD184/fusin yes 14, 49, 52, 53 yes 9
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Supplementary Table 7.
Eosinophil-Specific Non-Chemokines & Non-Chemokine Receptors

Name
Human

Eosinophil
Chemotactic

Response

Human
References

Mouse
Eosinophil

Chemotactic
Response

Mouse
References

Li
ga

nd

PAF yes 1-4 yes 1, 5-8

C5a yes 9-11 yes 9, 12, 13

C3a yes 9, 10, 14, 15 yes 9, 16

PGD2 yes 17-20 yes 20-23

LTB4 yes 3, 24-26 yes 5, 7

fMLP yes 27, 28 unknown 29

S1P yes 30 yes 31

IL-8 yes 32-34 unknown

5-oxo-
ETE yes 3, 25, 35-38 unknown 38, 39

Name
Human

Eosinophil
Chemotactic

Response

Human
References

Mouse
Eosinophil

Chemotactic
Response

Mouse
References

R
ec

ep
to

r

PAFR yes 1, 40 yes 1, 41

CD88
(C5aR) yes 42, 43 yes 44

C3aR yes 14 yes 16

CRTH
2

(CD29
4/DP2/
GPR44

)

yes 17-20, 45, 46 yes 20, 22, 23

DP1
(DP) yes 17-20 yes 20, 22

LTB4R
(BLT1) yes 24, 47 yes 24

FPR yes 27, 47 unknown

S1PR yes 30, 48, 49 yes 50, 51

OXER
1 yes 52, 53 unknown
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Supplementary Table 8.
Modes of Eosinophil Degranulation

Mode of Degranulation HUMAN MOUSE
Classical Exocytosis
The release of granule contents through the
fusion of individual granules and the plasma
membrane

Observed only in vitro using purified
eosinophils (1). Not Observed

Compound Exocytosis
Homotypic fusion of multiple secretory
granules to form "super-granules" prior to the
fusion with the plasma membrane

Observed in eosinophils attached to opsonized
larvae of the helminth parasite Schistosoma
mansoni (2-4). Observed in vitro by patch
clamp analysis indicating the release of
granule contents via individual fusion pore (5,
6).

Not Observed

Piecemeal Degranulation (PMD)
Gradual stepwise release of granule contents
via secretory vesicles budding, mobilizing, and
fusing with the plasma membrane

Observed in nasal polyposis (7, 8), severe
asthma (9), rhinitis (10), ulcerative colitis,
Crohn’s disease (7), cutaneous allergic
reaction (11), and cancer (12).

Eosinophils from (BALB/c) mice activated in
vitro by CCL11 displaed changes suggestive of
PMD, including the release of RNases, EPX,
and MBP (13). Observed in lung and airway
eosinophils isolated from transgenic mice over-
expressing IL-5 and human eotaxin-2 (14).

Cytolysis (ECL)
The release of otherwise intact cytoplasmic
granules as a consequence of rupturing the
plasma membrane as part of necrotic cell
death

Clusters of free eosinophil granules (Cfegs)
are readily detectable in tissue from allergic
asthma, rhinitis, dermatitis, acute lung injury
and eosinophilic esophagitis (15-19).

Evidence of Cfegs were found in the necrotic
lung tissue and among the disintegrating
pulmonary cells of I5/hE2 mice (14).
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