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Summary

Until recently, basophils had often been negleatenmunological studies because of their
minority status among immune cells, or confusedhwgsue-resident mast cells due to some
phenotypic similarities between them in spite dfedlent anatomical localization. It is now
appreciated that basophils and mast cells arendistell lineages, and that basophils play
important and non-redundant roles distinct fronsthplayed by mast cells. On the one hand,
basophils contribute beneficially to protective iommty, particularly against parasitic
infections. On the other hand, basophils are ireiw the development of various disorders,
including allergy and autoimmune disease. Basophtkract with other immune cells and
non-hematopoietic cells through cell to cell cohtac basophil-derived factors such as
cytokines and proteases, contributing to the regulaof immune and allergic responses. In
this review article, we highlight recent advances aur understanding of basophil
pathophysiology in humans and animal models by aateting research findings reported
during the past five years. Further studies on jpaigo and their products will help identify
suitable targets for novel therapeutics in alleegyd effective vaccines against parasitic

infection.
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Abbreviations used

APC: antigen-presenting cells
APRIL: a proliferation-induced ligand
BAFF: B cell activating factor

CIU: chronic idiopathic urticaria
CML.: chronic myeloid leukemia
EoE: eosinophilic esophagitis

HGF: hepatocyte growth factor
IgE-CAI: IgE-mediated chronic allergic inflammation
ILC2: group 2 innate lymphoid cell
ICD: irritant contact dermatitis

IVIG: intravenous immunoglobulin
MHC-1I: MHC class Il

MMCP: mouse mast cell protease
Nb: Nippostrongylus brasiliensis
PAF: platelet-activating factor

SLE: systemic lupus erythematosus

TSLP: thymic stromal lymphopoietin
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Key points

® Basophils and mast cells are distinct cell lineagesd their development is differentially

regulated by distinct transcription factors.

Basophils contribute to the development of allergftammation in the skin, respiratory
and gastrointestinal tracts as well as systemiplaylaxis.

Basophils are involved in the pathogenesis of Atameac inflammation, including
autoimmune and inflammatory bowel disease.

Basophil-like neoplastic cells contribute to CMlogression.

Basophils can both promote pathology in tissuegadlfi and limit pathology in
graft-versus-host disease.

Basophils play beneficial roles in protective imntymagainst parasitic infections.
Basophils interact with other immune cells to pesly or negatively regulate various
immune responses.

Further studies are needed to verify that the figslin mouse basophils are relevant to
human basophils.

Basophils and their products could be promisingapeutic targets for the treatment of

immune disorders.
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Introduction

Basophils are the least abundant granulocytesiesepting less than 1% of
peripheral blood leukocytes. The existence of bhd®pn the blood, as cells possessing
basophilic granules, was first described by Paulliéhin 1879, much earlier than the
discovery of T and B cells. Nevertheless, the fimmal significance of basophils remained
uncertain until recently. Difficulty in collectingufficient number of basophils, absence of
cell lines corresponding to primary basophils, dhe paucity of analytical tools such as
animals deficient for only basophils hampered ttieaace of basophil research, in contrast to
extensive studies on mast cells. Basophils shane stharacteristics with tissue-resident mast
cells, including the presence of basophilic grasiutethe cytoplasm, the surface expression of
high-affinity of IgE receptor, and the release bé&mical mediators such as histamine when
activated. For these reasons, basophils had often bonsidered as minor and redundant
relatives of mast cells. In a clinical setting, dyatsils are commonly used as a surrogate of
less accessible mast cells for diagnosis of allesgmsitization in allergic patients.

Intriguingly, basophils are evolutionally conservéa many animal species,
suggesting crucial and beneficial roles of basaphilvivo. Moreover, basophils circulate in
the peripheral blood and are rarely present inpperial tissues unless inflammation occurs, in
contrast to mast cells. The lifespan of basopkilsmuch shorter than that of mast cells, and
therefore newly-generated basophils are constapplied from the bone marrow to the
peripheral blood. These differences imply that page and mast cells have distinct functions
in vivo.

Recent development of analytical tools such asgiakdeficient mice has enabled
us to examinen vivo roles of basophils in a variety of immune respsnsemouse models,
including allergic inflammation, autoimmune disegseprotective immunity against

pathogenic infections, and regulation of innate asdquired immunity. In this article, we
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review basophil-related papers published duringpidet five years, and illustrate pivotal and

non-redundant roles of basophils in health andedise

Ontogeny of basophils

Basophils were sometimes regarded erroneouslyl@sdgirculating mast cell
precursors that could migrate to peripheral tissareb mature into tissue-resident mast cells.
It is now widely accepted that basophils and mels @re distinct cell lineages differentiated
from hematopoietic stem cells in the bone marroaweler, the developmental relationship
between basophils, mast cells and other hematdpaielis remains to be fully elucidated
Several studies suggest that human basophils geveton common basophil-eosinophil
progenitoré® (Fig.1). Hybrid-type cells possessing both basophil eosinophil phenotypes
have been detected in the bone marrow, cord blaod, peripheral blood of patients with
myeloid leukemia. Further studies are needed tafghahether these hybrid cells are indeed
the common precursors of basophils and eosinopdrilsintermediates of the normal
eosinophilopoiesis process. The existence of @l human basophil-mast cell
progenitors has not yet been conclusive either. @ehensive analysis of mast cell
transcriptome demonstrated that mast cells haveclose relative in the hematopoietic
network and that the similarity between mast celtsl basophils is fairly limited in both
humans and miée.

In mice, multiple differential pathways that givise to basophils might exist
(Fig.1). A recent study identified a novel popuati of common basophil-mast cell
progenitors in the mouse bone marfov series of transcription factors are involvecthie
differentiation and commitment of basophils and mealls. TheCebpagene is highly
expressed in basophils but not mast cells wheteablitf gene is highly expressed in mast

cells but not in basophils. C/EBRand MITF appear to determine basophil and matfatels
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respectively, by silencing each other’s transaipiin a directly antagonistic fashforMurine
basophils can be generatedvitro by culturing bone marrow cells in the presenceybbkine
IL-3 or thymic stromal lymphopoietin (TSLP). IL-3igted basophils and TSLP-elicited
basophils differ in terms of gene expression, phgye and function (Fig. 1), suggesting
heterogeneity among the basophil populdtidiotably, basophils can be detected in mice
deficient for both IL-3 and TSLP signaling, indicet that neither of them is essential for
basophil development. Thus, the molecular regulatd basophil differentiation remains

enigmatic even in mice.

Theroleof basophilsin allergic disorders (illustrated in Fig. 2 and 3)
Allergy in the skin

In the 1970s, basophils attracted much attentioe tu the observation of
substantial cutaneous infiltration of basophilstte site of Jones-Mote hypersensitivity in
humans and cutaneous basophil hypersensitivityineg pig&°. However, the pathological
role of basophils in these delayed-onset reactiem&ined uncertain. Recent studies revisited
the basophil infiltration in the skin, demonstrgtithat basophils accumulate in the skin
lesions of various skin disorders, including atopiermatitis, urticaria, prurigo, bullous
pemphigoid, Stevens-Johnson syndrome, eosinophipastular folliculitis, and
Henoch-Schénlein purputa

Basophils infiltrate the skin lesions of atopic matitis, particularly patch tested
sites®! In mice, topical treatment with the vitamin D bwue MC903 induces the
production of TSLP in the skin, leading to the depenent of atopic dermatitis-like skin
inflammation with basophil accumulatiblf. Basophil depletion ameliorated skin

r?,ll,lS,lé,l

inflammatio implying the important role of basophils in thatipogenesis of atopic
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dermatitis. In this model, basophil-derived IL-4paprs to play a key role in promotion of
Th2 responses.

Chronic idiopathic urticaria (CIU) is clinically @gnosed as long-lasting hives with
unknown etiology. Several observations suggestssiple involvement of basophils in the
pathogenesis of CIU. Basophil infiltration is deeet in CIU skin lesior’s, and blood
basopenia is frequently observed in CIU patientsbably due to basophil migration into the
skin. Anti-IgE monoclonal antibody omalizumab ha&sib approved as a novel drug for CIU
treatment. Omalizumab administration reduces frg€ levels in circulating blood and
downregulates high affinity IgE receptoreRi on the surface of basophils and mast cells. In
the phase 3 studies, many patients experiencedax oiaical effect of omalizumab within 2
weeks®'”. Of note, FeRI expression on basophils was significantly reduty day 8
whereas no apparent reduction was detected untiB8an IgE-/FeRI-positive cells in skin
biopsy specimend suggesting the possible contribution of basopéild IgE/FeRI to the
development of CIU.

A mouse model of IgE-mediated chronic allergidanfmation (IgE-CAI) in the
skin has been establisH&dA single intradermal administration of allergent the ear skin
of allergen-specific IgE-sensitized mice elicitseln waves of ear swelling, namely mast
cell-mediated, immediate- and late-phase reactidoldgpwed by delayed-onset IgE-CAI
reaction with massive infiltration of leukocytesclnding eosinophils, neutrophils and
monocytes/macrophages. Basophils also accumulaite iskin lesion to a much lesser extent,
representing only 1 or 2 % of infiltrates. Neveltss, basophil depletion completely
abolishes the IgE-CAI developméht’ demonstrating the essential and non-redundaet rol
of basophils in the development of IgE-CAI. Recetidies revealed that basophil-derived
serine proteases, mouse mast cell protease (mMMCa&)eB mMCP-11, elicit allergic

inflammation with microvascular hyperpermeabilitynda leukocyte infiltratiof?*3
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Intriguingly, basophils also contribute to prevemcess of allergic inflammation through
their release of IL-4, which acts on inflammatorpmocytes infiltrating the IgE-CAI skin
lesion, leading to the generation of anti-inflamomat M2-type macrophagés CD203c
(ATP-hydrolyzing ectoenzyme E-NPP3) expressed aopls also dampens the IgE-CAI
reaction through hydrolysis of basophil-derived Affat activates basophils in an autocrine
mannef”. Basophil-derived amphiregulin has been shown mntribute to UVB
irradiation-induced suppression of cutaneous hwmesisivity’®, but its role in IgE-CAI
remains to be investigated. IgE-CAI can be induogd single administration of allergen to
passively IgE-sensitized mite whereas repeated intradermal injection of allerde
IgE-transgenic mice causes persistent and prupgigulonodular skin lesions mimicking
prurigc’’. Basophil depletion ameliorates this reaction, gesting the involvement of

basophils in the pathogenesis of prurigo.

Allergy in therespiratory tract

Allergic rhinitis is a common allergic disease. Bakils have been detected in nasal
washes or mucosa of patients with allergic rhiffitid In mouse models of allergic rhinitis,
sequential involvement of mast cells and basotats been reported: histamine release from
FceRI-activated mast cells in the nasal tissue, foldvby histamine-mediated recruitment of
histamine H4 receptor-expressing basophils and #wotivation, leading to the production of
Th2 cytokines and other effector molecdfedn another model using ragweed pollen as
allergen, allergen-stimulated epithelial cells lve thasal mucosa produced IL-33 which acts
on mast cells and basophils, resulting in the eantygl late-phase responses through histamine
release and production of chemoattractants fordeyties such as eosinophils, respectifely
TSLP is also involved in activation of mast celsldasophils in this modél

Basophil infiltration was reported in the lungasfthmatic patient$*”. In a mouse
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model of asthma-like lung inflammation, intranasadministration of papain induced
eosinophil influx into bronchoalveolar lavage fluidnucin production, and airway
hyperresponsiveness. Papain acts on lung epitleelilal to release 1L-33 that in turn activates
basophils and group 2 innate lymphoid cells (ILC2s)33-stimulated basophils secrete IL-4
that activates ILC2s to produce large amounts ob,IUL-13 and CCL11, leading to

eosinophilia in the lung.

Allergy in the gastrointestinal tract

Patients with food allergy show symptoms rangimgrfiitching, hives and diarrhea
to acute anaphylaxis after exposure to a given .fdbds generally thought that food
allergen-mediated cross-linking of allergen-spedd@E on mast cells plays an important role
in the pathogenesis of food allergy. However, a&méstudy of peanut allergy treated with
omalizumab demonstrated that early clinical respdoghe therapy correlated with basophil
suppression rather than mast cell suppredSias reported in CIU patients treated with
omalizumab®. This suggests the possible contribution of ba®ph the pathogenesis of
peanut allergy. In a mouse model of peanut alleagplation of either basophils or mast cells
resulted in ameliorated anaphyldRjsindicating the importance of both basophils arasm
cells in this model of peanut allergy.

Atopic dermatitis is a risk factor for the devatognt of food allergy. Epicutaneous
sensitization with food allergens and subsequeditiotake of them may elicit food allergy.
In mouse models of food allergy with cutaneous rg#a sensitization, expansion of
TSLP-elicited basophils in the skin lesion promofd® cytokine responses, increase in
serum levels of antigen-specific IgE, and accunmadf mast cells in the intestine, leading
to the development of intestinal food allety$? Basophil depletion reduces the susceptibility

to intestinal food allergy, demonstrating the patotole of basophils in this setting.

10
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TSLP-elicited basophils have also been demonstrtecbntribute to the pathogenesis of
eosinophilic esophagitis (EoE), a food allergy-assed inflammatory disease characterized
by esophageal eosinophfffaGain-of-function polymorphisms in tleSLPgene are strongly
associated with the development of EoE. Esophabegisies revealed elevateGSLP
expression and accumulation of basophils in patiesth active EOE. Mice develop EoE-like
inflammation in the esophagus by means of epicatamallergen sensitization followed by
repeated intragastric challenges with aller§enmportantly, TSLP neutralization or basophil
depletion ameliorated EoE-like disease, suggedfwag the TSLP-basophil axis could be
therapeutically targeted to treat EoE. In anotheuse model of EoOE, blocking the IL-33
receptor or basophil depletion ameliorated EOE, gesting the contribution of the

IL-33-basophil axis to the EoE pathogen&sis

Systemic anaphylaxis

Anaphylaxis is an acute-onset and life-threaterspgstemic allergic reaction. The
classical pathway of systemic anaphylaxis involggs mast cells, and histamine. Histamine
released from mast cells stimulated with IgE amergén induces anaphylactic manifestations
such as hypotension and dyspnea. This pathway neayaccount for all anaphylactic
response€$. Indeed, 1gG but not IgE antibodies specific tergens were detected in some
individuals who showed systemic anaphylaxis in o@se to medicines. Moreover, levels of
platelet-activating factor (PAF) in serum are pwsiy correlated with the severity of
anaphylaxi$’. Analysis of blood from patients with acute andgRig to bee venom or peanut
demonstrated a significant decrease in circulatiagophil counts and ERI expression as
well as an increase in basophil chemotactic CCuggssting the possible involvement of
basophils in a certain type of anaphyl&kis

In mice, 1gG- and PAF-mediated systemic anaphylaais be elicited in a manner

11
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independent of IgE and mast cells. Allergen-IgG ume complex-stimulated basophils,
macrophages or neutrophils, dependent on the eweetal conditions, are the major
producers of PAE>2 A recent study suggested that IgG subclass meyrdime which type

of leukocyte predominantly contributes to IgG-meelibsystemic anaphylaxis

Therole of basophilsin non-allergic and non-infectious disorder s (illustrated in Fig. 3)
Autoimmune diseases

Autoreactive IgE specific to dsDNA can be deteciedsera of systemic lupus
erythematosus (SLE) patients, whose IgE titers etate positively with SLE disease
activity"*>> Basophils in SLE patients display an activateemuitype such as upregulated
CD203c expression (Table 1). Mice deficient for Lym Src family kinase, develop an
SLE-like disease including nephritis Aged Lyn-deficient mice produce autoantibodies,
including IgE isotype, against nuclear antigensjctviform immune complexes that can
deposit and accumulate in the kidney, leading tdnd&y dysfunction (lupus nephritis).
Activation of basophils by autoreactive IgE cautesr homing to lymph nodes, promoting
Th2 cell differentiation through IL-4 productiond@enhancing the production of self-reactive
antibodies, leading to lupus-like nephritis (Tabland Fig. 3). Basophil depletion ameliorates
the disease, illustrating the important role ofdpdsls in this SLE mode&l. In spontaneous
lupus-prone MRUpr/Ipr mice, basophil depletion lowers serum levels dgbantibodies and
IL-17 and improves renal functidh(Table 1), further supporting this hypothesis.

Intravenous immunoglobulin (IVIG) therapy is usedhe treatment of autoimmune
and inflammatory diseases, but the mechanism undgranti-inflammatory action of IVIG in
autoimmune disorders remains incompletely undedstdm a mouse model of rheumatoid
arthritis, IVIG administration results in the pradion of IL-33 which in turn induces basophil

expansion, and basophil-derived IL-4 promotes imsee expression of the inhibitory Fc

12



273  receptor FgRIIB on effector macrophages, resulting in suppoessf arthritis®. However, a
274 subsequent study showed no apparent contributidmasbphils to the therapeutic effect of
275 IVIG in a similar modeP, and therefore the involvement of basophils in WikS-mediated
276 suppression remains to be further investigated.

277

278 Inflammatory bowel disease

279 Basophilia is observed in the blood of patientshwitflammatory bowel disease
280 including Crohn’s disease and ulcerative cdfiti8asophils accumulate in the inflamed colon
281 of patients with these disea8%. Basophils appear to augment IL-17 and NFproduction
282 by memory CDA T cells and therefore exacerbate inflammation. Bgmentation is
283 partially mediated by basophil-derived histaniin@ig. 3). In mice, basophils also contribute
284 to Thl7 cell differentiation through IL-6 produatioand basophil depletion ameliorates
285 Thl7-dependent experimental autoimmune encephaliis$e (Table 1 and Fig. 3). In
286 contrast, in the colitis model using adoptive tfan®f naive CD4 T cells into lymphopenic
287 mice, basophils were shown to ameliorate inflamomathrough production of IL-4 and IL-6
288 that downregulate the expression of IFNL-2 and TNF in T cell®.

289

290 Irritant contact dermatitis

291 Irritant contact dermatitis (ICD) is a non-allergikin inflammation that occurs after
292 irritant chemical exposure, and the infiltrationb@Esophils and eosinophils is detected in the
293  skin lesions of human and murine IEDIn a mouse model, basophil depletion suppressed
294  cutaneous swelling and eosinophil infiltration, gesting the important role of basophils in
295 the development of ICD. Co-culture experimantsitro revealed that activated basophils can
296 attract eosinophils directly via CCL5 productiondammdirectly through the promotion of

297 CCL11 production by fibroblasts. Thus, basophilpesgy to contribute to the pathogenesis of

13
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ICD in cooperation with eosinophils and fibrobl&&ts

Hyper-1gD syndrome and | gG4-related disease

Hyper-lgD syndrome, an autoinflammatory disordesoagated with hyper-IgD
production, is characterized by periodic feverteysc antibiotic-resistant inflammation, and
increased circulating IgMyD* B cells. Patients show fewer circulating but maracosal
IgD-armed basophils. Intriguingly, cross-linking é§D but not IgE on the surface of
basophils promotes the release of proinflammatgtgkines such as ILffand TNF that are
involved in autoinflammatiohi, suggesting a contribution of basophils in thehpgenesis of
hyper-lgD syndrome (Table 1 and Fig. 3).

IgG4-related disease is characterized by elevarthsIgG4 levels and infiltration
of 1gG4-expressing plasma cells into multiple ogaleading to pancreatitis, cholangitis,
sialoadenitis, nephritis, retroperitoneal fibroared inflammatory pseudotumors. In coculture
of basophils and B cells vitro, basophils activated via Toll-like receptors indugG4
production by B cells in association with enhanpedduction of B cell activating factor
(BAFF) and IL-13° suggesting a possible involvement of basophilthén pathogenesis of

IgG4-related disease.

Malignancy

Basophilia is a frequently observed hematologatalormality in chronic myeloid
leukemia (CML), particularly in the accelerated gdaThe transcription factor IKAROS is
absent or reduced in bone marrow blasts from mdst Gatients with advanced myeloid
diseas®’. Forced expression of dominant-negative isoformlkoAROS in chronic-phase
CML patients’ CD34 cells resulted in disrupted IKAROS activity anchanced ability to

differentiate into basophfi§ suggesting that a loss of IKAROS contributeshe myeloid

14
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disease progression with basophilia. It has beported that CML basophils but not other
cell types abundantly express hepatocyte growttorfaezhich promotes CML cell expansion
in an autocrine fashidf(Fig. 3). A recent study using a mouse model ofLlGd¢monstrated
that basophil-like leukemia cells crucially contrib to CML development by providing the
chemokine CCL% (Fig. 3). A CML-like disease can be induced in enlty means of direct
transplantation oBCRABL gene-transduced hematopoietic stem/progenitos ¢etb the
bone marrow cavity. In this model, CML development induces a markecueulation of
basophil-like BCR-ABL leukemia cells that produce CCL3 in the bone marro
Basophil-derived CCL3 negatively regulates the ifgmtion of normal hematopoietic
stem/progenitor cells and supports the predomieapansion of leukemia initiating célfs
Indeed, basophil depletion prevents the developmwieGiVL.

The role of basophils in tumor immunity remainoopyp understood. In a mouse
model of melanoma, tumor-infiltrating basophils gwoe chemokines CCL3 and CCL4 that

in turn promote the recruitment of CD®B cells, leading to tumor rejectifn

Organ transplantation
Basophil infiltration and accumulation were obsehin human skin allografts in

the days immediately preceding graft rejectforBasophils accounted for up to 5% of
infiltrating cells and underwent a form of pieceindagranulation, suggesting a possible
contribution of basophils to graft rejection. Indeen a mouse model of pancreatic islet
transplantation, basophil depletion enhanced antbpged the survival of transplanted islet
in allogeneic recipient mié& Basophils have also been shown to contribute h® t
development of allograft fibrosis in a mouse modél heart transplantation, in which
basophil-derived IL-4 plays a crucial role in aatten of fibroblasts and development of

fibrotic organ remodeling, leading to chronic allafj rejectiod”. Another study
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demonstrated a beneficial role of murine basopimighe induction phase of an acute
graft-versus-host disease, in that basophils liimit expansion of allogeneic CDZ cells

through IL-4 productiof?.

The beneficial role of basophilsin protective immunity against pathogens
Parasitic infection

Basophil infiltration was observed in the skin tesiof scabies and tick bit€s A
patient lacking basophils and eosinophils was tepoto suffer from widespread scaBifes
These observations suggest the role of basophpsoitection against ectoparasitic infection.
In a mouse model of tick infestation, once hostarhave experienced tick infestation, they
produce IgE specific to tick saliva antigens andvsiresistance against tick feeding in
subsequent infestations. IgE-armed basophils rafiédt tick feeding sites in the skin and
surround tick mouthparts during the second but ficgt infestation. The use of
genetically-engineered mice generated for seleetna conditional basophil ablation clearly
demonstrated that basophil depletion before theorgkbdnfestation abolished the tick
resistanc€. This finding, together with the pioneering studly guinea pigs using
anti-basophil seruffi illustrates the pivotal role of basophils in aicgd immunity to tick
infestation (illustrated in Fig. 3).

In general, helminth infection induces strong Tim2nune responses. Infection with
the nematod@&lippostrongylus brasiliensi@Nb) in mice is widely used as a model of human
hook worm infection. Infectious larvae first peraér the skin, migrate into the lung through
blood vessels, and finally reach the intestineimthe case of tick infestation, host animals
acquire resistance against Nb infection after st infection. Basophils have been shown to
contribute to this acquired immunity®. During the second Nb infection, many larvae are

trapped in the skin, reducing the spread of infectio the lung and intestine. IgE-armed
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basophils accumulate in the skin lesion where kraee trapped, and basophil depletion
abolishes the larval trapping in the sRinBasophil-derived IL-4 acts on skin-infiltrating
inflammatory monocytes to promote their differetiia into M2 macrophages which
produce arginase 1, leading to the larval trapfifiustrated in Fig. 3). In mice re-infected
with another helminthiHeligmosomoides polygyrugjE-armed basophils are recruited to the
small intestine and secrete IL-4/IL-13, leading iorm expulsion from the intestiffe
Basophils also contribute to the protection agaith& filarial nematodelitomosoides
sigmodontis when mice were immunized with irradiated laffad@hus, basophils play a
critical role in the acquired immunity against haith infections. Basophils also show some
contribution in mice to the protective immunity pnimary infection withStrongyloides ratti
or Strongyloides venezueleéi% In mice infected with other helminths suchTaichuris
muris or Trichinella spiralis TSLP-elicited basophils play an important roléfli2 responses

to primary infectiofy®.

Bacterial infection

B cells in the human upper respiratory mucosa rgeelocal and circulating
plasmablasts producing IgD reactive to respirab@gteria such dgloraxella catarrhalisand
Haemophilus influenz8® Cross-linking of IgD bound to basophils activatessophils to
secrete antimicrobial factors such [&slefensin and cathelicidin as well as B cell-adtig
factors including IL-4, IL-13, BAFF and a proliféran-induced ligand (APRIL) that further
promote the production of antibodies against bactdihe role of basophils in enhancement
of humoral memory response to bacterial infectitas also been shown in mife&®
Moreover, when activated, both human and mousepbésocan form extracellular DNA
traps, containing mitochondrial DNA and granulastpins, that can kill bactefia

Basophils appear to contribute to the resolutibase ofListeria monocytogenes
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infection in mic&. Upon infection, basophils are recruited to tverj and produce IL-4 that
in turn promotes M2 polarization of recruited moytes, therefore damping bacteria-induced

acute inflammation and limiting liver injury.

Viral infection

Basophils have been shown to contribute to HIVissemination throughout the
body?*°. Human basophils can capture HIV-1 and mediate tians-infection of CD4T cells
through HIV-1 attachment factors including C-typetins. The role of basophils in protective

immunity against viral infections remains to berified.

A controversial issue: Do basophilsfunction as antigen-presenting cells?

It is well appreciated that basophils in both hamand mice readily produce large
quantities of IL-4 upon activation with a varietlystimuli. In mice, it has been shown under
certain experimental conditions that basophils atgrto lymph nodes and secrete IL-4,
therefore promoting the differentiation of naive €07 cells toward Th2 celf& Moreover,
three groups independently reported that murinefdidls express MHC class Il (MHC-II)
and costimulatory molecules such as CD80, CD86G@Dd0 that are necessary for antigen
presentation to naive T celt® Thus, basophils can function dually as antigesenting
cells (APCs) as well as IL-4 secreting cells, drgviTh2 cell differentiation even in the
absence of classical APCs such as dendritic CBiis novel finding cast new light on the
mechanism underlying Th2 differentiation while atlstudies demonstrated the critical role
of dendritic cells but not basophils in Th2 diffetiatior’**% Therefore, the functional
significance of basophils as APCs remains contsig!. Of note, a recent study in mice
reported an unexpected mechanism of MHC-II acqaisiby basophif¥’. Basophils produce

few or no MHC-II by themselves but they can captpeptide-MHC-II complexes from
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dendritic cells though a mechanism called trogogigtan a cell contact-dependent manner.
MHC-II-dressed basophils can provide peptide-MH@dmplexes and IL-4 to naive CDZ
cells that in turn differentiate to Th2 cells. Thisding appears to reconcile some discrepancy
observed in previous studies, and the APC activitybasophils may vary in different
experimental settings, depending on the extenthef lhasophil-dendritic interaction and
MHC-II trogocytosis.

Human basophils circulating in the peripheral bl@xpress little or no HLA-DR at
resting state, but they can be induced to exprégs[BR when activatedn vitro with stimuli
such as cytokingé&®*"%® Nevertheless, human basophils reportedly failedirtduce
antigen-specific T cell proliferati6fi*®® It remains to be investigated whether human
basophils can acquire peptide-HLA-DR complexes fidendritic cells via trogocytosis and

function as APCs.

Per spective

As reviewed in this article, our understandingbasophil function in health and
disease has greatly advanced these days. We nomecaip that basophils are crucially
involved in protective immunity against pathogeuoshsas parasites, and in the development
of immunological abnormalities, including allerggsthma, autoimmune and inflammatory
diseases. One thing we have to take into accourthvidasophil functions are examined in
mouse models is the possible “off-target effectbasophil-depleting antibodies, antieRta
and anti-CD200R3, on mast cells expressingRf@ and CD200R3. This issue can be solved
by using more recently-developed tools such astgatig-engineered mice deficient for only
basophil§"’"11192 e also need to keep in mind that there are sphenotypic and
functional differences between human and murineofats, including the expression of

protease-activated receptors and the responsiveiegzoteases such as pap&ir®
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Therefore, further extensive studies are necegsargrify that the findings in mouse models
are indeed relevant to human physiology. Advandekasic and translational research on
basophils would facilitate the development of nostehtegy for treatment of immunological

disorders and new generation of anti-parasite nasci
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Figure Legend:
Figure 1. Differentiation pathway of basophils (tomersial)
Figure 2. Involvement of basophils in the pathogenef allergic disorders

Figure 3. Effector molecules involved in basophédiated immune responses
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Tablel. Roles of basophilsin autoimmune and autoinflammatory diseases

Disease Species Modd or Patients Stlmulgnts of Role of basophils Ref
basophils
SLE Mouse " Autoreactive-IgE Promotion of autoantibody production 56
Lyn + autoantigens yp
Autoreactive-IgE . : .
Mouse  MRL lpr/lpr Promotion of IL-17 and autoantibody production 57

+ autoantigens

Autoreactive-lgE  Promotion of autoantibody production and Th17

Human  SLE patients + autoantigens differentiation 457
Autoimmune _ Mouse EAE modd ” Promotl_on of Th17 differentiation through IL-6 62
encephalomyelitis production
Hyper-1gD Human Patients with gD Release of pro-inflammatory cytokines upon 65

syndrome hyper-1gD syndrome stimulation with IgD crosslinking
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Migration to the sites of inflammation
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