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The human basophil: a new appreciation of its role in immune responses

Franco H. Falcone, Helmut Haas, and Bernhard F. Gibbs

Basophilic granulocytes (usually referred to as basophils) areredationship to other cell lineages are not well understood. Ba-
small population of peripheral blood leukocytes containing cytoplasephils, as well as mast cells, monocytes, eosinophils, and neutro-
matic granules that stain with basophilic dyes. They were firphils, are thought to arise from CD34rogenitors found in cord
described in 1879 by Paul Ehrliélwho 1 year earlier had found a blood, peripheral blood, and the bone marrow. Basophils, in particular,
morphologically similar cell type present in tissues that he terméwve been suggested to evolve from CEY843Ra*/IL-5" eosinophil/
Mastzeller? Based on their similarity to mast cells, basophils havbasophil progenitors, as supported by the occurrence of granulocytes
often been considered (and neglected) as minor and possibih a hybrid eosinophil/basophil phenotype in patients with chronic or
redundant “circulating mast cells.” Like mast cells, basophilacute myelogenous leukemia or in cell culttfrés

possess high-affinity immunoglobulin (1g) E receptorsefg that Although mast cell progenitors have been documented as a separate
are cross-linked upon engagement of receptor-bound IgE witheage, eg, characterized as CD&2D38" 17 or CD34'/ckit*/
corresponding antigens (“allergens”), resulting in the release ofCGD13",18 most recently a new monoclonal antibody (97A6) has been
number of mediators that are in part common for both cell typedescribed as specific for mature mast cells and basophils and their
Until recently, it has been very difficult for most laboratories tgrogenitors® Monoclonal antibody 97A6 did not react with any other
obtain basophils without major contaminating cell populationfiematopoietic or nonhematopoietic cell type. The epitope recognized by
because the percentage of basophils in peripheral blood is I8RA6 may therefore be associated with a commitment of the €D34
(< 1%) and they share physicochemical properties with othprecursor to a mast cell or basophil lineage distinct from other lineages.
blood cells. This lack of satisfactory purification protocols haghe possibility of a common mast cell or basophil lineage also arises
considerably hampered basophil research and negatively affedieth the surprising observation that basophils with phenotypic features
the interest in this cell type. Nevertheless, recent findings haukaracteristic of mast cells (presence of tryptase, chymaki, c-
provided new insights into the possible role of basophils in allergzarboxypeptidase A) can be found in patients with asthma, allergy, or
disease and immunity to pathogens. Most notably, the discovelergic-drug reaction®. Therefore, the currently predominant concept
that basophils rapidly produce large amounts of the regulatathyat mast cells and basophils originate from separate lin€&gésnay
cytokines interleukin (IL)-44 and IL-13%7 together with the have to be revised.

constitutive expression of CD40? and CCR2P on their surface, Various protocols using different combinations of cytokines and
has fueled speculations that extend beyond their recognized roleesnth factors have been described for the in vitro cultivation of
effector cells in IgE-mediated reactions. As discussed in thimsophils from blood or bone marrow progeniSr@with the presence
review, the increasing knowledge about the chemokine network hafsexogenous IL-3 being a common prerequisite for the successful
provided a robust framework for understanding the mechanismevelopment and maturation of basophils. Other growth factors for
underlying basophil recruitment to the tissues in allergic diseaséssophils are IL-3¢ granulocyte-macrophage colony-stimulating factor
This development has been instrumental in identifying verGM-CSF)?’ transforming growth factog-(TGF{3), and nerve growth
promising new targets for the treatment of asthma and other alleractor (NGF)?8 There is a general consensus, however, that the main
diseases. We also review recent aspects regarding basophil grogvtwth and differentiation factor for basophils is [12F°whereas the

and development and their role in allergic late-phase reactiog®wth and development of mast cells requires the presence of stem cell
(LPRs). Furthermore, we have included a section on basopfattor (SCFF° In conformity with their relative cytokine requirements,
signal transduction, which expands our understanding of theature basophils can be distinguished phenotypically from mast cells by
mechanisms operating downstream of the high-affinity IgE recetheir differential surface expression of ILe3chain (CD123, found on

tor and are also expected to yield new and better targets fmasophils and other cells but not mast cells) and SCF receptor
pharmacologic intervention. Finally, we discuss the possible roléski/CD117, strongly expressed on mast cells but not, or only weakly,
of basophils in innate immunity and finish with a section on then mature basophils).

currently available tools for basophil research.

Role of basophils in allergic

Growth and development of basophils late-phase reactions

Although the phenotype of mature basophils has been extensivilis well established that mast cells, which are found in the tissues
studied!12 the early stages of basophil maturation and thein the proximity of small blood vessels and postcapillary venules,
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play a key role in the early phase of IgE-mediated allergioeen appreciated for some tirff€3In vitro, IL-3 alone causes little
reactions’! Unlike mast cells, which differentiate and mature in thenediator release by itself, with the exception of IL-13 production
tissues, mature basophils are found in the circulatory system, wharesome donors. However, a short preincubation or coculture of
they constitute less than 1% of circulating leukocytes. Basophilsasophils with IL-3 causes significant enhancement of histamine
eosinophils, and Th2 lymphocytes are recruited to the site ahd LTC, release to a number of immunologic and nonimmuno-
inflammation during LPRs. Because until recently specific markel@gic stimuli such as anti-Igg, C5a, C3a, the eosinophil product
for immunohistochemical detection of basophils were not availabieajor basic protein, and platelet-activating factot’ Moreover,
(see “Tools for basophil research”), the participation of basophitsudies by Ochensbergérdemonstrate that LTLsynthesis in
during LPRs has been documented mainly by indirect m&aits, basophils primed by IL-3 before stimulation with C5a is continu-
ie, by determining the pattern of mast cell- or basophil-specifausly maintained over many hours. This clearly highlights the
mediators like histamine (derived from both), prostaglandin Cability of basophils to maintain a state of activity over longer
(from mast cells), or leukotriene,GLTC,; from basophils). It is periods than previously anticipated. Additionally, these authors
now well established that basophils are rapidly recruited to tlshowed an elevated production of IL-4 and IL-13 from basophils
skin 2 lung 2 or nosé” after allergen challenge. under the same conditioiwhich may exacerbate LPRs because
More recently, a better understanding of the processes leadfgthe up-regulatory effects of these cytokines on vascular cell
to inflammatory cell recruitment in LPRs has sprung up from thadhesion molecule-1 (VCAM-1), thus promoting further influx of
study of chemokines and their receptor counterparts, identifyimgflammatory cells (discussed in detail below).
potentially important new targets for the treatment of asthma and The ability of basophils to continuously produce LT&nd
other allergic diseasé8*° These studies complement previougytokines may also be particularly important in maintaining
knowledge regarding the molecules involved in basophil adhesiohronic allergic inflammatory diseases, such as asthma. Further-
to the endothelium“3a critical step in the process of extravasamore, because IL-3 can, in conjunction with C5a, cause basophil
tion. The aim of the following section is to highlight the potentiamediator release independently of IgE-receptor cross-linking, this
roles of basophils in LPRs. We use the new nomenclature feuggests a role for basophils in nonallergic inflammatory diseases
chemokines proposed by the Keystone Chemokine Conferercaised by either bacterial infections or IgG immune complexes. In
(Keystone, CO, January 18-23, 1999). addition to the combined effects of C5a and IL-3, C5a by itself is a
Several reports have pinpointed eotaxin (CCL11) and ttieghly potent and efficacious inducer of histamine release from
eotaxin receptor (CCR3) as key molecules in the selective recruiasophil$® following binding to the C5a receptor, CD88.In
ment of eosinophils to the lung during allergic airway inflammaeontrast, most human mast cell subtypes do not express CD88 and
tion,** both in animal modef84° and asthmatic patient&> are unresponsive to C5a except skin mast éloreover, unlike
Sensitized mice with a disrupted eotaxin gene showed a 7Masophils, mature human mast cells, including those of the skin,
reduction in the number of eosinophils recruited by antigen imlso do not express receptors for IL-3 and GM-GSFhis clearly
comparison with the identically treated wild-type mié&nhanced suggests that, compared with mast cells, basophils are more
eotaxin expression in allergic inflammation may also account feensitive to the effects of immunomodulatory cytokines and
the influx of basophils, which strongly express CCR3 on theproinflammatory factors, which are likely to be in abundance in
surface and respond to eotaxin in vitf®> In addition, human both LPRs and other (nonallergic) inflammatory conditions.
basophils also respond to other chemokines such as the CCUnfortunately, the interplay of these various basophil activators,
chemokines eotaxin-2 (CCL24), RANTES, MCP-3 (CCL7), MCP-1in terms of the net clinical outcome of their combined effects, in
and MIP-1x,%657 which also play a role in antigen-induced tissuallergic disease remains to be elucidated. However, the importance
recruitment of eosinophif®:5°Moreover, basophils may be respon-of IL-3 in vivo as both a modulator of basophil growth and
sive to eotaxin-3 (CCL263!62 the most recent addition to aactivation as well as its ability to cause clinical symptoms of
growing list of CCR3 agonists. Although it remains to be proven, dllergic inflammation was shown by van Gils efalJsing rhesus
is likely that the presence of CCR3 and other CC chemokimaonkeys treated with the IL-3, the authors observed a clear
receptors shared between eosinophils and basophils account foriticeease in both basophil numbers together with an up-regulation
previously demonstrated strong temporal association of their inflak IL-3 receptors without a concomitant rise of IL-3Rhonocytes
into tissues such as the nés&or the lung® during LPRs. or mast cell$?2 Moreover, the same authors also demonstrated that
A further insight regarding tissue influx of basophils and theilL-3 treatment caused severe hypersensitivity reactions including
subsequent activation is also given by the actions of hematopoiaiiticaria, vomiting, diarrhea, edema, arthritis, and stimulation of
cytokines such as IL-3, IL-5, and GM-CSF. An increased expreBemopoiesi§® Given the above evidence, IL-3 and related hema-
sion of these Th2 lymphocyte—derived cytokines in allergertepoietic growth factors, as well as NGF, potentially play a
induced cutaneous LPRs in atopics was clearly demonstratediyotal role in exacerbating LPRs in addition to CC chemokines
Kay and colleague® and these cytokines have also been shown ttescribed earlier.
facilitate basophil migratiof2-6” In addition, IL-3, IL-5, and Another indirect line of evidence that reveals basophils as
GM-CSF also enhance mediator release following either Igpotential major regulatory cells in allergic inflammation comes
dependent stimulation or activation due to platelet-activatinigom the study of their cytokine profile. As described earlier, human
factor, C5a, and C3a. Similar properties have additionally be&asophils are an important source of the proallergic cytokines IL-4
described for the neurotrophic cytokine NE&FMoreover, in- and IL-13. Kasaian et # have shown that allergen-induced IL-4
creased levels of NGF have recently been reported in allergiom primary cultures of unfractionated peripheral blood leuko-
rhinitis®® and asthma&? cytes of atopic patients is mainly basophil-derived. This finding has
IL-3, IL-5, GM-CSF, and NGF have similar efficacies withbeen confirmed and extended to IL-13 by Devouassoux and
respect to potentiating IgE-mediated basophil histamine and, LT€workers?®> who found that basophils are the main source of both
releases, and they bind to receptors of the same subfamily butcgfokines early after allergen stimulation of peripheral blood cells.
these, IL-3 is the most potehtand its effects on basophils havellL-4 is of central importance for the recruitment of inflammatory
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cells to the tissues, because it induces the expression of theTaken together, the data about the involvement of IL-4, IL-13,
adhesion molecule VCAM-1 on endothelial cells in vifrand it and eotaxin as key players in the pathogenesis of asthma, together
recruits eosinophils in vivo, eg, when injected in rodéffs. with the proven infiltration and activation of basophils in the tissues
Transgenic mice expressing IL-4 in the lung under the control ofduring LPRs, makes it reasonable to assume that basophils, as a
lung-specific promoter showed eosinophil infiltrations in the aimajor source of IL-4 and IL-13 and by constitutively expressing
ways8 Recently, Hickey et & have used intravital microscopy to CCR3 and CD40L on their surface, may play an important but
demonstrate that the VLA (very late antigen)-4/VCAM-1 interacunderestimated role in the pathology of asthma and other allergic
tion is necessary and sufficient for IL-4—induced eosinophiélonditions. The knowledge about the relative roles and contribution
recruitment in mice. On the other hand, it has been shown that IL@f, basophils, eosinophils, mast cells, and T cells to these processes
especially in combination with tumor necrosis factor (TNk)— as well as about their interpl&yis still preliminary and needs
induces the production and release of eotaxin by human derrfigtther refinement.

fibroblasts?® moreover, eotaxin-3, but not eotaxin, is up-regulated

in vascular endothelial cells by IL#.The induction of eotaxins by

IL-4 could represent a strong positive feedback loop operating Regulation of IgE-dependent signaling and

eosinophilic skin diseases (eg, atopic dermatitis), with the induceqediator secretion in human basophils

eotaxins recruiting more eosinophils, basophils, and Th2 lympho-

cytes and the subsequent release of more IL-4 upon activatibhe effector role of basophils in IgE-mediated allergy is well
(Figure 1). Interestingly, eotaxin can potentiate the antigeRnown to depend on cross-linking of &I-bound IgE by aller-
dependent IL-4 production by basopRHsvithout having a direct gens. The diversity of basophil mediators that are released follow-
effect on basophils by itself, thus generating a further potentialing IgE-receptor cross-linking is accomplished by a highly com-
amplification loop in allergic inflammation. The aforementioneglex and interrelated network of secondary messengers. Their
proallergic properties of IL-4 therefore make the identification ddpecific roles in controlling mediator release are not nearly as well
its cellular source(s) an important prerequisite for the successful
therapy of asthma and other allergic diseases.

Recent evidence has implicated the pleiotropic cytokine
IL-13, which is also produced in large amounts by activated
basophils, as a key mediator of allergic asthma. In humans,
IL-13 is secreted following local allergen challenge in subjects
with mild atopic asthm&2 Work performed by 2 independent
laboratories, using an IL-13R—Fc fusion protein that specifically
neutralizes IL-13, has indicated that this cytokine is necessar
and sufficient for establishment of an asthmatic phenotype in a
murine modeP3-°4Administration of soluble recombinant IL-13
was effective in inducing airway hyperresponsiveness and in
generating a significant recruitment of eosinophils to the lung,
as shown by their appearance in bronchoalveolar lav&gks.
vitro, IL-13 induces recruitment and prolongs the survival of
eosinophil$® up-regulates VCAM-1 expression on vascular
endotheliun®® and is a very potent inducer of eotaxin in airway
epithelial cells?” The importance of IL-13 in the pathogenesis
of asthma is also corroborated by a recent study using trans-
genic mice that express IL-13 selectively in the IMidgrhe
authors of this study found that transgenic mice, in the absence
of a specific sensitization, developed a phenotype very similar to
the asthmatic phenotype, including eosinophil infiltration, up-
regulation of eotaxin, mucus hypersecretion by goblet cells,
subepithelial airway fibrosis, and airway hyperresponsiveness
to methacholing®

Finally, basophils have also been proposed to play a key role
in allergy by directly inducing the switch to the IgE isotype in B
cells independently of T cells (Figure 1). Gauchat et al have
shown that the basophil cell line KU812, as well as purified
peripheral blood basophils, the mast cell line HMC-1, anagure 1.. LF_’R scenar?o emphasiziqg the putative regulgtory roles of pasqphils "
human lung mast cells, can provide the necessary signals for 21 HIemmator, S0 (CoLLD ) demed tom eptiln cos
production in vitro, ie, IL-4, IL-13, and CD40E.Basophils and recruits cells expressing the eotaxin receptor (CCR3), ie, eosinophils, 186187
generated from human umbilical cord blood mononuclear cellgsophils,1*% Th2 cells, 18318 and mast cells.***!%! Recruited basophils are a major
after cultivation in the presence of appropriate Cytokinegourge_ of.the regulatory cytokines IL—43-4_ and IL—13.§'7.Th_ere are §evgral potential

X amplification loops, such as the up-regulation of eotaxin in airway epithelial cells®7 (B)
expressed detectable levels of CD40L and induced IgG4 and Igkg vcam-1 on vascular endothelium (C) by IL-13% or IL-4% or, also, the
synthesis in B cells when stimulated with allergehe up-regulation of eotaxin by IL-4 in fibroblasts.?® Eotaxin has also been shown to
induction of IgE synthesis was completely abrogated by neutrzgp_tentia_\te the IL_—4 production by activat.ed pasophilsgl (D). Furthgrmore, basophils
.. . . . ... can deliver the signals necessary for switching B cells to IgE (E), ie, IL-4, IL-13, and
1zing IL-4 and IL-13 with monoclonal antibodies or CD40L WIthCD40L.&g The increased IgE production is thought to up-regulate the expression of
soluble CD4G FceRI on basophils and mast cells103-104 (F),

IE_gy 104
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characterized for human basophils compared with their countgrincipally to Pdting*%P;. Indirect observations using specific Pl
parts from other species or cell lines. Several examples giv8rkinase antagonists suggest that Pl 3-kinase plays a crucial role in
below show that a mere extrapolation of observations derived fraime release of all major basophil mediator types, suggesting that
basophil lines or basophils from other species does not cleathjis enzyme is closely associated with initial events in IgE-receptor
reflect the situation in primary human basophils. Although it magignaling?®¢1°” We have recently shown that the PI 3-kinase
be obvious, this point must be stressed because future successiuibitors wortmannin and LY-294003 almost completely abrogate
pharmacologic approaches to reducing basophil mediator prodtite release of histamine, L,dL-4, and IL-13 in human basophils
tion hinge crucially on understanding basophil biology taken fromtimulated with anti-IgE°” Moreover, inhibition of both IL-4 and

studies on primary basophils. IL-13 production did not result in increased cellular contents of the
cytokines, showing that Pl 3-kinase blockade is not restricted to
Early IgE-dependent signaling events in basophils impairing secretory events.

) - o ) . With respect to mast cell and basophil degranulation, there is a
High-affinity IgE-receptor (FeRl) cross-linking culminates in 3 | niversal consensus that Pl 3-kinase inhibitors abolish granule-

main results. The first, and most rapid, is fusion of basophissqciated releadt112 However, in regard to LTEproduction,
granules to the plasma membrane resuilting in histamine réfasgyaqardt et al reported that the PI 3-kinase inhibitor wortmannin
the second is an activation of lipid metabolism and subsequ§pty n effect on the production of the eicosanoid in murine mast
LTC, production; and the third is synthesis of immunomodulatorye)s 100 The same authors also failed to detect any effects of this
gytgklnes. The initial signaling event§ following &Rl .cross- compound on cytokine release, whereas other reports have de-
linking are currently modeled on studies largely carried out 0Gineq inhibition of either leukotriene synthesis or TNBroduc-
rodent mast cell lines (such as RBL-2H3 cells), where phosphoryias | 115114 These differences show that a marked heterogeneity

tion of tyrosine, serine, and threonine residues contained i'ﬁtheexists between basophils and various mast cell lineages to Pl
andvy chains of FeRI receptor have been observed (Figure 2). I@-kinase signaling

human basophils, as in RBL-2H3 cells, this has been shown to
involve Lyn and subsequent recruitment of SH-2 domain—
containing proteins such as Syk and other ZAP-70-related protein allergen
tyrosine kinase&! The possibility that Syk may be involved in
IgE-dependent basophil signaling was recently also demonstrated
by Kepley and coworker¥?who showed that nonreleaser human
basophils, occurring in about 20% of the population, have a
deficiency of this protein. In mast cells, most of the known major
regulatory proteins known to be involved indRl activation are
downstream of Syk and thus crucially hinged to Syk activity. These
include PLG/1 and PLG/2, Shc, Vav, mitogen-activated protein
(MAP) kinases, phosphatidylinositol (PI)-3 kinase, and JNK,
among others, although this has yet to be conclusively demon-
strated for human basophils.

Although several of the early IgE-dependent signaling events in
basophils are known, there are currently no pharmacologic ap-

PI 3-kvin‘

v :
Rac/Rho v o N

proaches to the treatment of allergy that specifically modulate very A

early signaling events following cross-linking with allergen. How- Calciqguﬂ .
ever, the molecules known to be involved in early post—cross- Ca?‘.‘,_;' i pkc *[Caz]i
linking are also used by other immunoreceptor systems affectingp“-x__‘ ’ 5 &=

many other immune cell functions, thus making selective pharma- NEAT

cologic intervention difficult. Therefore, an alternative strategy is : v

to inhibit either FeRI expression itself or the binding of IgE \J " .,ERK a2+ Degran.
molecules to the receptor. It has long been observed that there is a 253,?4 ELK-14" \a

positive correlation between circulating IgE antibodies aneRfFc 7 +? PLA2
expression in basophit§31%4and recent evidence clearly demon- *

strates that IgE does directly induce high-affinity IgE-receptor » 4

expression by acting through &Rl itself.1%4 Thus, basophil (and | IL-4 , "__13‘ LTC4
mast cell) function may significantly be down-regulated by disrupt
ing the binding of IgE to its receptor at the sensitization stage. THiigure 2. Schematic diagram of possible IgE-mediated signaling pathways in

has been successfully achieved in atopic patients treated Witﬁa%()phils. Following high-affinity IgE-receptor cross-linking, various tyrosine ki-
nases are activated, including Lyn and Syk, which consequently lead to the activation

monoclonal anti-IgE antibody (rhuMAb-E25), which prevents IgE; p| 3.inases, ERk-associated MAP kinases (Vav, Ras, Rafl, MEK), and PLC. PI
binding to the FeRI a chain without cross-linking high-affinity 3-kinase targets include both p38 MAP kinase (p38) and Rac/Rho GTPases
receptor-bound IgE?5and isa promising new therapeutic advance(Rac/Rho), which are involved in cytokine production. Further, Rac/Rho affect the

. . . cytoskeletal processes® during degranulation as well as extracellular signal-related
ment in the treatment of aIIerglc disorders. kinase-activating kinase (MEK). IgE-dependent ERK activation in basophils is largely
limited to controlling LTC,4 generation; PKC, activated by diacylglycerol (DAG) as a
Pl 3-kinase is a universal regulator of basophil result of hydrolysis of PIP, by PLC, is involved in degranulation. PKC may also affect
cytokine transcription, although the mechanism is not yet clear. The release of
calcium from intracellular stores by IP3 together with the influx of the ion through
. . . alcium channels affects degranulation, PLA; translocation, and calcineurin activity.
Pl 3-kinase is Composed of a p85 regulatory subunit and a 110 ker print is used to highlight what is currently known in human basophils. The

catalytic domain that catalyses the reaction of membrane P&BNS remaining has been extrapolated from studies with rodent mast cells or cell lines.

mediator release
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Extracellular signal-related kinases control basophil LTC 4 phases?* The first takes place by the release of intracellular

production but not histamine or cytokine release calcium stores from the endoplasmic reticulum because of the

effects of inositol 1,4,5-trisphosphate §JPThe second phase is
used by the opening of calcium channels allowing an influx of
e ion from the extracellular milieu and is modulated by cyclic

The extracellular signal-related kinases (ERKs) consist of 2 for
ERK-1 and ERK-2 (sometimes referred to as p44 and p42 M

kinases), which are considerably homologous to another in boé enosine monophosphate (CAMP)—elevating difa. rise in
i 5 i -
structure and functioR® ERKs are activated after ERI cross intracellular free calcium ions can be mimicked by using calcium

linking via Vav, Ras-Rafl, and MEK1 and activate phOSphOHpasrgnophores such as A23187, which directly transport extracellular

A (PLA;) as well as several transcription factors (Figure 2). Th<‘f’alcium into the cells, release internal stores of the ion, and evoke

role_ cl)lf I_ERKS_m bjlsgphél_s, t;owever, has logly recentlyd ?ee@egranulation, eicosanoid generation, and cytokine production.
partially investigated. Studies from our own laboratory and from In terms of IgE-dependent cytokine secretion, both IL-4 and

Miura et aF.lﬁhave shown tha_t ERK ph(_)sphorylation_occurs Wit_hirfL-13 are controlled by calcium-calcineurin pathways, which
3 to 10 minutes of basophil St'mUI.at'(.)n.’ after which there ,'S Bromote the translocation of the transcription factor NFAT to the
decreasg to bqsal levels. The MI.EK {nh|b|tor PD'098059, ab(?l'Shfz’n'ﬁcleusl.26 This pathway is blocked by macrolides such as FK506
EOth ahnlt"lgE_'Qduﬁ?? ERﬁK aCt'Va:]'.on ar_ld L]'(Ibroductlon mk' and cyclosporin A, which reduce both IL-4 and IL-13 synthé3is.
asopnis ut has little e07e1c1t6 on histamine release or cyto I')fdditionally, the release of these cytokines is also effectively
synthesis (IL-4 and 1L-13)°7116The above studies highlight thatblocked by cAMP-elevating drugs such as theophyllinege2

ERK aﬁlvaltlﬁn d(;]e_s_not seem 1o affect IcytoklpeJtrans:::rlptlgr_ll Wgonists (salmeterol), further highlighting the importance of cal-
asophils although it is an important regulator of cJun, cFos, ium influx in basophil activatiof®

and other transcription factors in diverse cell types. Therefore, in
basophils ERKs appear to be largely involved only in LTC
production because of the activation of PLANevertheless, we
have also demonstrated that ERK activation is not by itselifi terms of IgE-dependent stimulation of IL-4 and IL-13, there is
sufficient for leukotriene synthesis because IL-3, which stronghyo clear evidence of differential control regarding the production of
activates ERK in the absence of IgE-dependent stimuldtfois, these cytokines. However, the kinetics of their release from
almost ineffective at causing LTCelease*107 1171 Despite this, basophils is strikingly different, suggesting that factors other than
in combination with anti-IgE, IL-3 leads to both a strikingthe signaling routes already described above are involved. IL-4 is
potentiation and prolongation of ERK phosphorylation comparg@leased rapidly, peaking within 4 hours of stimulation, and is
with the effects of IL-3 or anti-IgE alone and leads to twice as muciccompanied in some donors by the release of preformed stores of
LTC, production than anti-IgE alone. Although activation of BLA this cytokine$129.130|n contrast, IL-13 is detectable in basophil
is dependent on ERK, translocation of soluble Blffom the supernatants beginning 2 hours afteeREtcross-linking, and the
cytosol to the membrane is dependent on calcium. Howevamnounts of this factor continue to rise for at least 16 h6uks.
studies by Krieger et #° and MacGlashan and Hubb&¥have present, the reasons for these differing kinetics are unknown, but
shown that the priming caused by briefly (5 minutes) preincu- factors such as autocrine effects are now being investigated.
bating basophils with IL-3 neither requires extracellular calcium |n terms of the levels of IL-4 and IL-13 produced, there is
nor induces calcium elevations. Taken together, these finding®wing evidence that signals employed by priming factors such as
strongly suggest that, despite there being an important regulatry3 favor the production of IL-13 rather than IL-4. IL-3 potenti-
input from both ERK phosphorylation and intracellular calciunates the IgE-dependent release of both factors but, in addition to
mobilization regarding PLA activity, one or more additional this, Schroeder et al, as well as Redrup et al, have reported that IL-3
signals, possibly from protein kinase C (PKC)-dependent rdéftes stimulation alone is sufficient itself to give rise to IL-13 generation
are vital for LTG, synthesis in basophils. without a marked increase in IL-4 producti&i§.}2’These authors
Comparing human basophils with other rodent histamingarther showed that, in stark contrast to IgE signaling, this
producing cells, there are important differences with respect lo-3-dependent IL-13 release is insensitive to FK506, suggesting
regulation of cytokine synthesis controlled through ERKs. Fahe involvement of an activatory pathway independent of cal-
example, IgE-dependent TNkproduction in RBL-2H3 cells is cineurin and NFAT.
inhibited by the MEK inhibitor PD-098059, suggesting ERK A further tier of differential control of IL-4 and IL-13 release is
involvement. In contrast, the release of IgE-dependent &Nifem  seen with respect to PKC. Following PMA-induced PKC activation
MC/9 murine mast cells is not affected by the antagonist. Although basophils, Schroeder and coworkers have reported that although
basophils have not been shown to produce T\FRhe above messenger RNA expressions for both IL-4 and IL-13 are increased
examples highlight further the variable abilities of ERKs to contranly IL-13 protein is releaset#®127 1t is not yet clear, however,
the transcription of cytokine factors between human basophils a@élich isozymes of PKC are involved. The same authors have
their counterparts in rodents. Further evidence that the MEK-ERfown that the selective PKC inhibitor bisindolylmaleimide Il not
route does not predominantly influence basophil IL-4 production ély reverses the effects of PMA activation but potentiates the
provided by Miura et at'® who report that the bacterial peptideanti-IgE induced IL-4 release but not that of IL-13. Interestingly,

IL-4 and IL-13 are differentially controlled by IL-3 and PKC

fMLP induces basophil ERK activation without IL-4 release. bisindolylmaleimide II, as well as FK506, does not affect IL-3—
induced secretion of IL-13, thus showing that IL-3—associated
Calcium dependence of basophil mediator secretion signaling in basophils diverges considerably from both calcium and

) ) o PKC-sensitive routes compared with IgE-dependent pathways.
It has long been appreciated that basophil degranulation is strik-

ingly reduced in the absence of extracellular calctdhsimilarly,

production of both 1L-413122123gnd |L-13 (B.F.G. et al, unpub-
lished data, 1998) is just as dependent on the ion for optimufe brief summary above regarding the control of IgE signaling in
response to IgE-receptor activation. Calcium responses are i@sophils highlights 2 major problems for future consideration.

Future aspects
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First, functional differences exist between primary basophils amadependently of the presence of IgE and is now thought to bind to
mast cells or basophil cell lines and, second, IgE-dependenteceptor present on the surface of basoptils.
signaling is greatly affected by the actions of priming factors such Because basophils rapidly release considerable amounts of IL-4
as IL-3. Thus, the net outcome of IgE-triggered basophil activatiarpon stimulation, they may have a decisive impact on the outcome
in vivo is likely to be modulated by varying degrees of the locadf a primary infection by inducing T-cell differentiation to the Th2
concentrations of hematopoietic cytokines (such as IL-3, IL-5, apghenotype. To the best of our knowledge, basophils are the only
GM-CSF) as well as neurotrophic cytokines (NGF), complemedukocytes containing preformed IL-4, although in relatively small
factors, and histamine-releasing factors. Because basophils gfigounts and not detected in all donors. Constitutive IL-4 expres-
geared to the rapid release of Th2-type cytokines, it would be &fn in unstimulated basophils has been demonstrated by intracellu-
considerable interest to establish the concentrations of the ab@yecytokine staining in saponin-permeabilized céfias well as by
factors in the in vivo environment, particularly during an a”ergi‘énzyme-linked immunosorbent as$aypart from basophils, cells
reaction where acute (IgE-mediated) basophil activation occurs. g,ch as Th2 cells, NK1*1cells,y3* T cells, eosinophils, and mast
cells also have been found to produce IL-4 and have been
considered as a cellular source of the so-called “early IL4&The
What is the physiologic role of basophils in discussion about the in vivo source of early IL-4 has led to much
the immune system? controversy*s, the bottom line is that several different cell types
may play a not mutually exclusive role in initiating Th2 re-
Although their existence has been known for more than a centusponse$#>146 It is also possible that part of the controversy is
the physiologic role of basophils in immunity remains a mystery. liltimately due to fundamental differences in the relative roles of
is conceivable that basophils, like eosinophils, neutrophils, macn@ast cells and basophils as a source of IL-4 in rodents versus
phages, and mast cells, fulfill important roles in innate immunityumans.
against pathogenic organisms. Important clues could be derivedAnother line of evidence suggesting a possible role of basophils
from the study of natural or experimentally induced gene deficieis a source of early IL-4 comes from the study of the effects of
cies, as happened with W/Wv c-kit-deficient miéewhich have plant lectins on this cell type. It has long been known that lectins
proven very useful in dissecting the role of mast cells in immunityuch as concanavalin A can trigger degranulation and histamine
to intestinal nematodes, or IL-8" mice!3? Unfortunately, in the  rejease from basophil47-148Using a panel of 16 plant lectins with
absence of a precise knowledge about the unique developmegifibrent carbohydrate specificities, we have recently shown that
pathway of basophils, none of the currently available gengsctins differentially induce the release of IL-4 (and IL-13) from
_de_ficient mice are likely to elucidate the exclusive role of basophifg;sophilsi4e The capacity of the studied lectins to trigger cytokine
Inimmunity. ) release correlated with their binding to different myeloma IgE
Mast cells and basophils have been proposed to play Ablecules—IgE-PS, IgE-(FH), IgE-PE, IgE-VL—suggesting
important role in the innate immune response to a variety ﬂfon—antigen-specific cross-linking of éRi-bound IgE via its
pathogens:* For mast cells such a role is corroborated by ap, oy drate moieties as the initial step of signal generatfon.
increasing body of evidencé}'*“whereas the current evidence fory, ever. when unsensitized RBL-2H3 cells, ie, cells devoid of
a comparable involvement of basophils is, at best, CircumStami?éceptor-bound IgE, were stimulated, most of the cytokine-

Such arole would require the ability of basophils to be activated IHducing lectins also triggered the releaseddfiexosaminidase (a
a non—antigen-specific manner. Indeed, several such non-antigen-

N - . . ranule mediator in rodent mast cells). O&gmbucus nigrand
specific stimuli, derived from various organisms, have been shoyj . . . . o
: . . . icinus communiagglutinins clearly required sensitization of the
to induce mediator or cytokine release from basophils. F

- - . BL-2H3 cells with rat IgE to elicit a full response (H. Haas et al,
example, protein Fv, an endogenous Ig-binding protein released in ~ . S .
. . . ; o unpublished data, 1999). By analogy, a similar IgE-independent
the intestine of patients affected by viral hepatitis, as well as trr‘ﬁechanism may be expected for IL-4 release induced by most
HIV-1 glycoprotein 120 have recently been shown to indu - S Trommess
glycop gp y ﬁ ctins. Although the significance of these in vitro findings needs to

IL-4 and IL-13 production from basophils and mast cells b . Sz .
binding to the \3 region of IgEX51%7Similarly, antigens derived e confirmed in vivo, it nevertheless points to a whole category of
molecules with the ability to trigger the release of IL-4 from

from the egg stage of the parasehistosoma manso(SEA, or N . 2 . o
soluble egg antigen) induce the release of IL-4 and other mediatgf’ss‘()ph'IS in a non—antigen-specific manner. It is therefore intrigu-

from basophils of nonimmune dondf. This activation was ing to note that several parasitic helminths, which are well known
dependent on the presence of IgE because a short incubation ati@duce a strong Th2 response in their host, have been recently
pH (under conditions that induce dissociation of IgE from it§hoWn to produce or secrete lectifi$.For instance, infective
receptor)® abrogated, whereas resensitization with purified IgE dgrvae of the nematode parasitexocara canissecrete a novel
other IgE-containing materials restored the activating effect &-type lectin (TES-32) that surprisingly binds both mannose- and
SEA (Falcone et &¥and K. Haisch et al, unpublished data, 2000)9alactose-type monosaccharid&swhich are both present on the
Furthermore, proteases secreted by the hookweaator ameri- carbohydrate side chains of IgE153TES-32 is the most abundant
canusinduce the de novo synthesis of IL-4 and IL-13 in tha@lycoprotein secreted by this parasite in vitro. The hematophagous
basophilic cell line KU812 (C. Phillips et al, unpublished dataparasiteN americanuproduces a major allergen that is a putative
1999). The filarial parasit®rugia malayistrongly expresses the homolog of calreticulirt>* a lectin with a carbohydrate affinity?
gene Bm-tph-1140 which is closely related to a human IgE-that also matches the glycosylation pattern of human IgE. Thus,
dependent histamine releasing fadtdihut it is not known whether several pathogenic organisms may induce the activation of ba-
Bm-TPH-1 can also activate basophils. Finally, the recombinagophils by the release of superallergens, a term introduced by
form of the IgE-dependent human histamine-releasing factBatella et at?>'3¢which in this context would define molecules
induces histamine and IL-4 release from basophils. This factor,ith the ability to cross-link FeRI either directly or via receptor-
contrast to original finding&'?143has recently been shown to actbound IgE in a non—antigen-specific manner.
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Taken together, the observation that different classes of maletivation, particularly in the tissues, where it has been successfully
ecules derived from pathogens or endogenous sources can direetlgd for immunohistochemical detection of basophils in lung
activate basophils independently of the presence of specific IgE sections fixed in Carnoy’s fluitf?
their surface fulfills the theoretical requirement for a role of this
cell type in innate immunity or in bridging innate and specifi¢q jines
immunity by skewing the differentiation of naive T cells to the Th2
phenotype. Thus, more research is needed to address the fundarbeneral studies have used the cell line KU812, originally estab-
tal question concerning the true physiologic role of basophils in thished from a patient with chronic myelogenous leukefa.
immune system. KU812 is seen as an immature basophil precdf8and has served
as a model for basophil differentiation. Several cytokines can
induce its differentiation into basophil-like cells, including TNF-

. and IL-6170171|-3,172 and IL-4173 As shown by Hara et &f2
Tools for basophil research incubation of KU812 cells with IL-4 induced several changes,
including a 10-fold increase of total histamine content, appearance

Investigation into the role of basophils in health and disease h@Pmetachromatic staining with toluidine blue, and up-regulation of

previously been curtailed bytheIackofsuitableexperimentaltooﬁmctiona”y active FeRl on the surface after 7 days, with

The following section, therefore, summarizes the currently ava|hcreased transcription of ERI «, B, and~y chains’ messenger

able tools for basophil research. RNA. Another cell line, termed LAMA-84, was established in 1987
o by Seigneurin et al* and has also been described as basophil-

Monoclonal antibodies like.175 Kepley and coworketg6 have recently described the in

Because basophils are quickly recruited to the tissues in avarietyv(l)tf0 generation of fully functional basophils from cord blood. The

T N . o rotocol consists in pulsing normal cord blood leukocytes with
allergic diseases, monoclonal antibodies allowing specific det

tion of basophils by immunohistochemical staining would be ;-3 for 3 to 4 hours and subsequently incubating them with fetal

i 2D +
highly desirable tool, eg, for studying the relative contribution chalf_ serum. The_ resulting cells are mostly ; FaeRI", express a .
series of integrins also found on normal peripheral blood basophils

this cell type to pathogenesis. Earlier protocols relied on t . o
presence of FRIl and the absence of tryptase for immunohisti%Dllb’ CD18, CD29, and CD49d), and display basophil-like

morphology by light or electron microscopy. Activation through

chemical detectio®®6157 |t has become clear, however, that th(?h hiah-affinitv [aE i its in a time- and dose-d dent
expression of FeRI is not restricted to mast cells and basophils, e high-affinity IgE receptor results in a time- and dose-dependen

because it can be up-regulated on other cells such as Langerhans
cells®® and other dendritic celf®® eosinophils®® and mono- e . -
cytesi®l Furthermore, the expression of tryptase cannot be used for A (ha BB % "::'._-_;;,.-‘ i 18)
discrimination of mast cells from basophils, because the gene for : o
tryptasea is transcribed in the latter cell tyf& and is present in
substantial amounts in peripheral blood basophils of patients with _ :
asthma or other allergic diseagéd herefore, several laboratories < g
have generated antibodies for specific detection of basophils in
flow cytometry or immunohistochemistry. Reat
There are currently 3 basophil-specific monoclonal antibodies: hew’ & ®)C B
BSP-1, 2D7, and BB-1. BSP-1 is an IgM class monoclonal ;;;':.;'c“? v 9
antibody that recognizes an epitope expressed on the surface 0™ A% Tk 3 5 13 &
human basophils and was originally raised against the human WV & TE S %
erythroblastic leukemia cell line (HELJ? It reacts with a 45-kd \-‘; P 3 P o ©
surface antigen on HEL cells in Western bl&t3Because of its low ,a?.} =R FIaD
sensitivity, BSP-1 is not suitable for immunohistochemistfy. -
Monoclonal antibody 2D7 is an Ig&lmonoclonal antibody that B ~foariia
reacts with a ligand localized to the secretory granules of human L= %
basophils'®4 Western blots with basophil extracts exhibit 2 major LI ©
bands with apparent molecular weights of 72 and 76 kd and a minor . -
band of 124 kd8Immunologic activation of basophils leads to the ’ g o
loss or attenuation of the staining intensity, indicating release (or o) j'ﬂi: Mo, e ol
decay) of the 2D7 antige¥ Monoclonal antibody 2D7 has fe N oW ¢ o2
successfully been used for immunohistochemical staining of ba- L '5 ":’.’.;.- -}
sophils in human skin during the LPR after cutaneous aller- =y e <
gen challengé®s M eag, ST .
The most recent addition to the pharmacopoeia is BB-1, an e
IgG2a monoclonal antibody that recognizes a 124= {1) kd + X »’
antigen (estimated by the method of Hedrick and Sriith) G
localized mainly to the secretory granules with a comparatively -
small expression on the surfat®The BB-1 antigen was released
upon activation with anti-IgE or the calcium ionophore A231§7. Figure 3. Purified human peripheral bloo_d basophils stfclined.v_vith-May—Gru “nwald-
. . Giemsa obtained with a recently published basophil purification protocol. 7
Because the BB-1 antlgen was not detected in any other cell typ@§0riginal maghnification X 160. (B) Original magnification X 1000. Courtesy of A.
the authors suggest its use as a discriminating marker of basogishow and K. Haisch, Forschungszentrum Borstel, Germany.
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release of histamine. The use of basophil-like cell lines, howevayrface of human basophif€.18This positive selection technique,
must be cautiously examined given the fundamental diffealthough resulting in very high basophil purity, is not desirable for
ences in morphology and function compared with primary hunany purposes because of the likelihood of activation during

man basophils. purification. The use of negative selection with magnetic
beady76181.18%onsistently resulted in viable, functional (nonpreac-
Purification protocols tivated) basophils but, in our experience, high yields were usually

a(?btained only with hyperbasophilic dondf8 A recently published

A high degree of basophil purity is often required for function L .

- h ) . ! . rotocol, however, has overcome this limitation (Figure 3) and uses

studies with basophils, especially when mediator secretion from . . - . o

L . - a commercially available ki’ therefore making the purification

contaminating cells masks what is released by basophils. Pure : . . . .
. ) - S . _protocol widely accessible to any laboratory with an interest in

basophil populations are also mandatory when investigating either

intracellular sianaling events or to exclude the possibilit 0gf|ranulocyte function. A similar protocol combines density gradient
g g P Y centrifugation with negative selection with magnetic be'§és.

priming cytokines (eg, IL-3, GM-CSF), derived from cellular Taken together, the availability of effective protocols for the

contaminants, to influence basophil function. Therefore, SeveraL!rification of nearly homogeneous basophils or for the generation
protocols for basophil purification have been published over tﬁ) y g p 9

last decade (see references in Haisch &t)alWhen purifying o thls F.e” type from perlphergl bl.OOd precursors as well as the
; ; . . availability of monoclonal antibodies for immunohistochemical
basophils, one is faced with several challenges. First, the aver

L . S ection and of basophil-like cell lines should encourage further
percentage of basophils in the peripheral blood of healthylndlwdgt-udy of human basophil function. The development of similar
alsis low (< 1%), which restricts the possible yield. Furthermore, g )

large donor variation in the proportion of basophils makes the fin c10|s for the study of murine basophils would be extremely useful

. . . . .ﬁ%acause it would enable the research to be extended to experimen-
recovery of basophils unpredictable, especially when dealing wi

blood from unknown donors (ie, from buffy coatsy. tal models of disease.
Most of the currently published purification techniques rely on
initial physical separation methods (density gradients or elutria-
tion) that, by themselves, do not reliably result in very high pritAcknOWIedgment
but are successful in enriching basophils sufficiently enough for
further purification by immunoselection. Some protocols havEhe authors thank Dr Martin J. Holland for critical comments and
relied on the expression of the high-affinity receptoe®con the suggestions.
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