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Human Eosinophil-Lymphocyte Interactions
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While the eosinophil’s effector functions clearly can contribute to the pathogenesis of allergic dis-
eases, the evolutionary benefit to having eosinophils as a distinct class of leukocytes is not clear, espe
cially if one must reconsider the nominally beneficial role of eosinophils in parasite host defense. Eosi-
nophils are equipped to respond to lymphocytes and their cytokines (and not solely the eosinophil growth
factor cytokines), but the functional consequences of such eosinophil responses need to be definec
Conversely, eosinophils, as antigen-presenting cells (APCs) or sources of lymphocyte-active cytokines
may stimulate and effect lymphocyte functioning. Eosinophils share withi@Dghocytes expression
of a number of receptors, including CD4 and IL-2R, and speg#iintegrins that may help in their
common recruitment and activation. Further, elucidation of the interactions between lymphocytes and
eosinophils will contribute to a broader understanding of the functioning of eosinophils in “normal”
ongoing immune responses and in allergic disorders.
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Knowledge of the functions and functioning ofrow and tissue eosinophilia. In these anti-IL-5 (or
human eosinophils as participants in immune reanti-IL-4)-treated, eosinophil-deficient mice, inten-
sponses remains incomplete. Normally in healttsities of infections (both primary and secondary)
the eosinophil is principally localized in submu-have not been greater than in eosinophilic mice
cosal tissue sites, including the respiratory trac{Sher et al. 1990, Herndon & Kayes 1992). Analo-
but there is virtually no knowledge of how eosinogous findings have been noted with parasitic in-
phils become localized in these submucosal sitésctions in IL-5 knockout mice (Foster et al. 1996)
or what roles eosinophils play in normal, ongoingPS Foster, unpublished). These findings argue
immune responses in these sites. Even in diseasgminst a major role for eosinophils as helm-
characterized by eosinophilia, helminthic infectionsnthotoxic effector cells. While it is possible that
and allergic diseases, the functions of eosinophitsher host defense mechanisms against helminths
are incompletely understood. are sufficiently redundant that eosinophil ablation

Infections with helminthic parasites elicit eosi-is not deleterious, these findings with depletion of
nophilia, mediated by IL-5. Based wrvitro stud-  eosinophils raise the possibility that eosinophils do
ies demonstrating that eosinophils function asot have a predominant helminthotoxic effector
helminthotoxic effector cells (Butterworth 1984),function in host defense (Urban et al. 1992). Thus,
it has been hypothesized that a major “beneficiakhe nominally beneficial function of eosinophils
function of eosinophils is to participate in host dein parasite host defense remains to be validated.
fense against helminthic parasites. This putatively In allergic diseases, eosinophils are clearly par-
beneficial role is contrasted with some of the dekicipants and have effector roles in promoting the
eterious effects of eosinophils identified for allerpathogenesis of these diseases. Eosinophils release
gic diseases. Recent studies with anti-IL-5 antiipid mediators, including leukotriene,(platelet
body-treated, helminth-infected mice, howeveractivating factor and lipoxins (reviewed in Weller
have questioned this role. In mice infected wit1993), and contain four distinct granule cationic
helminthic parasites, neutralizing anti-IL-5 anti-proteins, major basic protein, eosinophil peroxi-
body has abrogated infection-induced blood, madase, eosinophil cationic protein and eosinophil
derived neurotoxin, which may cause dysfunction
and destruction of other cells (reviewed in Gleich
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nophils from eosinophilic donors exhibit metabolic FOSINOPHILS AS AIRWAYS ANTIGEN-PRESENTING
morphologic, and functional changes indicativecELLS FOR LYMPHOCYTES

that they have been “activateti’vivo. Ongoing |y hypothesizing roles for eosinophils as APCs,
studies continue to provide evidence for thigapaple of eliciting specific lymphocyte responses,
cytokine “activation” of eosinophils. While the 3 series of older observations on eosinophils can
eosinophil-active growth factor cytokines contribye revisited and reinterpreted in light of our cur-
ute to the process of eosinophil “activation”, thesgant understanding of APCs.
cytokines alone do not elicit all measures of eosin-  Stydies in the 1960’s documented a remarkable
ophil activation, such as enhanced expression ghpacity of eosinophils to internalize administered
FceRI (Gounni et al. 1994a) or CD40 (Ohkawaragntigen and to rapidly traffic to regional lymph
etal. 1996) found on eosinophils from allergic subnodes. Primary injection of varied antigeAsi{
jects. Other cytokines or tissue or extracellulagr fluorescently labeled) into the foot pads of mice
matrix derived activating stimuli are likely to begr guinea pigs was followed by antigen uptake
involved as well in augmenting specific functionalyithin eosinophils. Within one hr of antigen in-
capabilities of eosinophils (Sedgwick et al. 1995)ection, eosinophils containing the labeled antigens
Allergen-induced recruitment of eosinophilsiocalized within regional lymph nodes (Litt 1964b,
into lung tissues is correlated with roles of CD4 Roberts 1966). Uptake of antigen preferentially
T cells, presumably Th2 cells, and cytokinesnto eosinophils was even greater when antibody
released by such T cells (Iwamoto et al. 1993, Va the antigen was present (Litt 1964a). Moreover,
Oosterhout et al. 1993, Foster et al. 1996). In hyepeated administration of antigen lead to even
mans, IL-5 and to a lesser extent GM-CSF wergreater localization of antigen-containing eosino-
the predominant eosinophil survival-promotingphils in draining lymph nodes (Litt 1963). Spe-
cytokines in antigen-induced pulmonary late-phaseific histologic stains to detect eosinophils in tis-
reactions (Ohnishi et al. 1993). The accumulatiosues facilitated this recognition (Litt 1964a, b, Rob-
of eosinophils in tissues, as in chronic asthma @rts 1966). While these findings by themselves do
following acute antigen challenges in the lungsnot establish that eosinophils were serving as APCs,
correlates with measures of local T cell activatiothese experiments do document roles for eosino-
(Wardlaw & Kay 1992). For instance, increasephils in the very early uptake of antigen, do indi-
in activated T lymphocytes, eosinophils, andate a role for antibody-facilitated uptake of anti-
cytokine mRNA expression for IL-5 and GM-CSFgen by eosinophils, as antibody-facilitated uptake
have been documented in bronchial biopsies aftef antigen is now recognized to enhance APC func-
allergen inhalation challenge in atopic asthmaticgon, and do suggest that eosinophils exhibit spe-
(Bentley et al. 1993). Thus, there has been an ioiic integrin-based or other mechanisms for pref-
creasing recognition that eosinophil accumulatioerential localization within lymph nodes.
and enhanced effector functions at tissue sites pfq\noPHILS AS POTENTIAL ANTIGEN-PRESENT-
allergic reactions may be intimately related to lymyg ceLis
phocyte activation, especially by nominally Th2- ) ) )
like lymphocytes elaborating cytokines, including _!f human eosinophils are to serve as effective
IL-5 and GM-CSF, that prolong the viability andAPCsin vivo, several conditions must be satisfied.

enhance the effector responses of mature eosirfgd"ther, given the diversity of cells that may func-
phils. tion as professional and non-professional APCs,
While there has been an increasing recognitiofPnsideration must be given to what specific ca-
of the roles of lymphocytes in both the pathogerpabllltles e_osmo_phlls mlgh.t have as distinct APCs.
esis of allergic reactions and the regulation of eos}- FOr €0sinophils to function as APCs, they must
nophil involvement in such reactions, our centraf*Press Class Il MHC proteins. Blood eosinophils,
hypothesis, that there exist collaborative interad!®m Most n?r(r:r;al alrluljv'ﬁocslnopzhﬂm donori,ﬂI]ack
tions between lymphocytes and eosinophils in re§XPression o 1ass | proteins, even it these
piratory tract tissue environments, is based on rculating eosinophils otherwise exhibit evidence

number of additional observations and considef phenotypicin vivo activation (Lucey et al.

ations, as reviewed below. If eosinophils functionf 2890). However, when mature, blood-derived
to help regulate lymphocyte responses t uman eosinophils are culturadvitro with spe-

aeroallergens encountered in the respiratory tra fll\lc Ci’:}%';':iz‘s ilr?(;j%(ijllsngrél_tﬁi’focr;nl\qﬂl_?ns dchzgdto
such functions may be both “beneficial” in normal Y, P y

mucosal immune responses and deleterious in cq _ré'tghbesxglgnedt ;ngggs GHul?c'jA\a;[e)tR al(la_%%i))/ Eflfhils'
tributing to sustaining or propagating allergic re- ' . h'I. h ' h . ) !
actions within the airways. mature eosinophils have the capacity to express

HLA-DR.
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* Is there evidence that eosinopliilsivoexpress tivated T lymphocytes (Lim et al. 1996b). Other
HLA-DR? Notably, a number of observationsco-stimulatory molecules expressed by eosinophils
document that airway eosinophils are positive foinclude ICAM-1 (CD54), which like HLA-DR is
HLA-DR expression. Eosinophils in the sputumabsent from circulating eosinophils, but can be
of asthmatics have been shown to express HLAeund on airway eosinophils and can be induced
DR (Hansel et al. 1991). Airway, but not bloodto be expresseih vitro with specific cytokines
eosinophils in chronic eosinophilic pneumonia alspCzech et al. 1993, Hansel et al. 1992). Other eosi-
have been demonstrated to express HLA-DRophil-derived chemokines or cytokines that can
(Beninati et al. 1993, Okubo et al. 1995, SakamotRave additional lymphocyte stimulatory activities
etal. 1995b). In patients with asthma, even bloogre noted below. Thus, eosinophils have the ca-
eosinophils have been found to express greatgcity to express Class Il MHC, to present antigen

HLA-DR than eosinophils from normals and to express relevant co-stimulatory molecules
(Sakamoto et al. 1995a). Moreover, comparisongsch are induceih vivo orin vitro.

of blood and bronchoalveolar lavage eosinophils

obtained 48 hr after segmental antigen (SedgwicRTHER LYMPHOCYTE-EOSINOPHIL INTERACTIVE

et al. 1992) or 4-6 hr after inhalational (Mengelerg"ECHA'\‘'S'vIS

et al. 1994) challenges in allergic subjects have Eosinophils as sources of lymphocyte-active
demonstrated that HLA-DR was expressed on aitytokines - Our studies and those of others have
way eosinophils. Thus, the recruitment and actdocumented that human eosinophils can synthe-
vation of eosinophils into the airways elicited bysize cytokines that include TGF-{Wong et al.
allergen challenge leads to the induction of HLA41990, Elovic et al. 1994), TGB1 (Wong et al.
DR expression on the recruited airways eosinat991, Ohno et al. 1992, Elovic et al. 1994), TNF-
phils, which was not found on the otherwise phea (Beil et al. 1993, Costa et al. 1993), MIR-1
notypically activated blood eosinophils (SedgwickCosta et al. 1993), IL-5 (Broide et al. 1992;
etal. 1992, Mengelers et al. 1994). Levels of Clagsesreumaux et al. 1992), GM-CSF (Kita et al.
I MHC protein expression need be only low (21041991, Mogbel et al. 1991, Ohno et al. 1991, Broide
340/cell) for a cell to function as an APC (Hardinget al. 1992), IL-3 (Kita et al. 1991), ILsd(Weller

& Unanue 1990). Levels of HLA-DR fully suffi- et 1. 1993), IL-6 (Hamid et al. 1992, Melani et al.
cient for APC function are present on eosinophil§gg3), |L-8 (Braun et al. 1993), IL-2 (Bosse et al.
from the airways as recovered in the sputum ofg96, Levi-Schaffer et al. 1996), IL-10
airway lavages from allergic subjects. _(Lamkhioued et al. 1995), IL-4 (Mogbel et al. 1995,
* If eosinophils are to function as APCs, €0SiNOygnaka et al. 1995, Sabin et al. 1996), RANTES
phils must be able to internalize protein, catabqq im et al. 1995. 1996a: Ying et al. 1996) and IL-
lize it and display the relevant peptides with Clasgg (Lim et al. 1995 19§6a). We have shown that
I MHC molecules. We have shown that €0SiNop ;man eosinopﬁils elaborate lymphocyte
phils do function as HLA-DR dependent, MHC-cpemoatiractant activity that is largely mediated
restricted antigen-presenting cells in stimulatin y RANTES and IL-16 (Lim et al. 1995). Thus
allogeneic T cell responses (Weller et al. 1993}, ,2 4 aosinophils are a source of a cytokine (IL-
Comparable findings have been made with huma{b) and a chemokine (RANTES) specifically ef-
T cell lines as responders (Hansel et al. 1992,Wyi?;cting the functioning of CD%lymphocytes

Coray et al. 1993) and with murine eosinophils (D Crui
ruikshank et al. 1994, 1996) and memory T cells
Pozo et al. 1992, Tamura et al. 1996). (Schall et al. 1990), respectively.

cssary. Ul APC fnclion (16--professional” APC)_Inadditon, other eosinophil-derived cytokines,
requires the presentation of co-stimulatory signanCIllel'ggggL'Sz E)M'na,:ml' eltgglé 1?\;)%) 'L'4b(A,'[e"|°
by the APC. Accessory co-stimulatory molecule tal I ,laa én etal. & P), 'Qir;gl € Ii .6
pair with specific receptors on the T cell. The reck293). IL-1a (Ruppert eters ), IL-
ognized molecular pairs include B7-1 (CD80) okRUPPert & Peters 1991) and T(E-(Ahuja et
B7-2 (CD86) with CD28 or CTLA-4, ICAM-1 al. 1993, Lee & Rich 1993), have.effects on lym-
(CD54) or ICAM-2 with LFA-1 (CD11a/CD18), phocytes. Severql beta} chemok;nes, that can be
LFA-3 (CD58) with CD2, and Class | and Il MHC elaborated by eosinophils, mclgdmg Mi-and
molecules with CD8 and CD4, respectively. [MRANTES, augment APC function and T cell re-
addition, engagement of CD40 on APCs can pra:POnses and h_ence are co-stlmu!atory. (Taub et al.
vide co-stimulation (Cella et al. 1996, Peng et aft996)- Thus, in addition to eosinophil-lympho-
1996). We have demonstrated that eosinophifiyte cell-cell cognate interactions that may be ac-
from allergic subjects express CD40 (Lim et altivein APC functioning of eo_smophlls, eosm_ophlls
1996b, Ohkawara et al. 1996) and that eosinopHin be sources of chemokines and cytokines ac-
CDA40 provides co-stimulatory signals to CD3-aclive on lymphocytes.
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Eosinophil integrins -The expression of spe- reactions and bronchial hyperreactivity, this anti-
cific integrins by eosinophils not only may con-a4 mAb did not block influx of eosinophils into
tribute to their preferential recruitment into siteghe lung. The efficacy of the amt4 mAb admin-
of allergic diseases but also may help regulate thastered directly within the airways suggests tivat
activation within extravascular tissues (Resnick &ntegrin-mediated events with the airway lumen or
Weller 1993) and their cell-cell interactionsadjacent tissues were involved in activation of re-
(Mufioz et al. 1996). We and others have showsponses ofi4 bearing eosinophils and/or lympho-
that eosinophils, and not neutrophils, express theytes within the airways.
a4f31 integrin VLA-4 (Bochner et al. 1991, Other lymphocyte-mediated actions on eosino-
Dobrina et al. 1991, Weller et al. 1991). VLA-4phils -Our studies have identified mechanisms by
binds to vascular cell adhesion molecule-Ivhich eosinophils are capable of responding to
(VCAM) and to domains within tissue fibronectin lymphocyte-derived cytokines that do not enhance
(Elices et al. 1990). VLA-4, which is expressed ireosinophil effector functions. Eosinophils express
common on eosinophils as well as lymphocytes ar@dD4 (Lucey et al. 1989a) and migrate in response
monocytes, but not neutrophils, can mediate binde the CD4-binding lymphokine, IL-16 (Rand et
ing to VCAM, whose expression is inducible onal. 1991a). Eosinophils express high affinity IL-2
endothelial cells and can be demonstrated to lveceptors and migrate in response to IL-2 (Rand et
expressed in asthmatic bronchial vesselal. 1991b). Eosinophils also express functional IL-
(Ohkawara et al. 1995). By this means, preferertreceptors, and IL-4 can enhance eosinophil HLA-
tial recruitment or activation of eosinophils andDR expression (Weller et al. 1993). None of these
mononuclear leukocytes might be expected.  cytokines directly promotes “traditional” eosino-

Additionally, we have shown that eosinophilsphil effector responses (e.g., degranulation); but
express anotherd integrin,a4p7 (Erle etal. 1994, their activities on eosinophils further indicate that
Wan et al. 1995). The expressiorodf37 on eosi- eosinophils have non-"traditional” functions that
nophils is intriguing given the role this integrincan be modulated by lymphocyte-derived
plays in binding to the mucosal vascular addressitytokines.

MAdCAM-1 (Berlin et al. 1993) and the enhanced Potential specific roles for eosinophils as APCs
expression ofi4f37 on a subsets of mucosal trophic- Diverse cells may function as APCs, but differ-
CD4" memory T lymphocytes (Schweighoffer etent APCs have distinct roles in presenting antigen
al. 1993, Rott et al. 1996). MAdCAM-1 is knownas required for various immune responses, includ-
to be expressed on high endothelial venules dafg initiating primary immune responses, expand-
Peyer’s patches and mesenteric lymph nodes aimdy “memory” T cell populations, and potentially
sinus-lining cells in the spleen (Kraal et al. 1995)acilitating specific Th2 subset stimulation. These
The common expression by eosinophils and som&rious immune responses occur in different tis-
lymphocyte populations ai4p7 may contribute sue sites, including spleen and lymph nodes, and
to their co-localization within lymphoid tissues.involve varied APCs, including dendritic cells, B
Moreover, then4 integrins have been shown to becells and macrophages, that have different func-
involved in cognate cell-cell interactions (Mufioztional capabilities and roles. Specific roles for
et al. 1996) including those specifically betweerosinophils as distinct APCs may be based on their
human lymphocytes and eosinophils (Mengelersapacities to handle particulate antigens, their ana-
et al. 1995). tomic localizations and subsequent tissue migra-

Studies with blocking mAbs to theed compo- tions, and their specific FcR-mediated abilities to
nent of botha4B1 anda47 have demonstrated internalize antigens.
that such blockade can prevent eosinophil influx Particulate antigen processingintigen process-
into cutaneous or pulmonary sites of elicited allering involves the catabolism of antigens within
gic reactions (Weg et al. 1993, Pretolani et al. 1994A\PCs to produce immunogenic peptides that bind
Moreover, blockade ai4 integrins can have ben- to Class Il MHC molecules. The requisite initial
eficial effects on allergic reactions even withouinternalization of antigens by APCs may occur via
inhibiting eosinophil influx. In our collaborative several mechanisms, including receptor-mediated
studies, the administration of a blocking amdi- antigen uptake (e.g. mediated by surface immuno-
mADb in allergic sheep was effective at preventinglobulin on B cells), internalization of immune
pulmonary late phase reactions (Abraham et atomplexes by FcRs, nonspecific fluid phase or
1994). Antiad4 mAb was effective when given absorptive uptake, and phagocytosis. While den-
intravenously, before or after airway antigen chaldritic cells and B cells very effectively present
lenge, and notably was effective when given bgoluble protein antigens, they are unable to handle
aerosol within the airways (Abraham et al. 1994)articulate antigens (van Rooijen 1990). In the
Despite its efficacy in blocking airway late phaseaespiratory tract, inhaled allergens are particulate
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(Platt-Mills 1992). Thus, while dendritic cells areaffinity IgE receptor, and on some eosinophils,
known to migrate from the airways (Havenith eespecially those from patients with allergic dis-
al. 1993, Xia et al. 1995), they would be ill-suitedeases, the high affinity ERI receptor (Gounni et
to process inhaled particulate aeroallergens. A&l. 1994b). Both CD23 and &Rl are detectable
though dendritic cells in subepithelial tissues magn eosinophils in sites of allergic reactions (Tanaka
be effective APCs, it is unknown how particulateet al. 1995, Humbert et al. 1996), including the air-
aeroallergens become solubilized and traverse fromays (Chihara et al. 1989, Humbert et al. 1996).
the epithelium to these dendritic cells. The princitn mucosal sites, eosinophils will be present with
pal cells recognized to ingest particulate antigerentibodies of all three classes; and for inhaled al-
are phagocytic macrophages (van Rooijen 1992grgens, 1gG, IgE and IgA antibodies to relevant
but alveolar macrophages are not effective APCantigens are measurable in mucosal secretions
and even antagonize APC function of dendriti¢Platts-Mills 1979, Kitani et al. 1985, Desvaux et
cells (Gant et al. 1992, Holt et al. 1993, Chelen etl. 1989). Interestingly, older studies of eosino-
al. 1995, MacLean et al. 1996). Alternatively, eosiphils had demonstrated that eosinophils were very
nophils would be well suited to handle particulateffective in the uptake of antigen-antibody com-
antigens, since eosinophils are phagocytic, chaplexes (Sabesin 1963, Litt 1964a).
acteristically engage large, even non-phago- Thus, specific roles for the eosinophil as an
cytosable multicellular targets and accumulate earkPC may be related to its capacity to process in-
at tissue sites of particulate antigens (Kayes & Oaksaled particulate allergens, its localization at and
1978, Weller 1991). migration from mucosal surfaces, and its expres-
« Eosinophil tissue localization and migratiothe  sion of Fg, Fax and Fg receptors in sites where
normal localization of eosinophils within mucosalantibodies of these classes are directed against rel-
tissues of the respiratory, Gl and lower GU tractevant antigens. Thus, the hypothesis relevant to
would position them to encounter foreign antigenallergic asthma, in which inhaled allergens, e.g.
at these mucosal surfaces. Moreover, in allergimite or cockroach, repetitively enter the airways,
airway diseases eosinophils are characteristically that Class Il MHC expressing eosinophils, char-
found directly within the lumen and secretions ofcteristically present within the airways, have roles
airways. As noted above, these eosinophils exa processing antigen, transporting it into tissues
press Class Il MHC proteins (Hansel et al. 19913nd presenting it to lymphocytes. Allergen-spe-
and could directly interact with inhaled particulatecific IgE and eosinophil FiRs would facilitate this
allergens within the airways (Platt-Mills 1992). APC function of eosinophils. Eosinophils as APCs
« Antibody-mediated uptake of antigeone es- may even bias lymphocyte responses to enhance
pecially effective means of facilitating antigen up-Th2 responses (Wyss-Coray et al. 1993). This pro-
take and processing by APCs involves antibodgess of continued antigen-presentation helps ac-
targeting so that antigen is internalized complexecbunt for the chronicity of allergic inflammation
with antibody. Both IgG- and IgE-dependent enin response to inhaled allergens.
hancement ofAPC_antigen presentation have bqen REFERENCES
demonstrated. Antigen covalently coupled to anti- _
FoyRI, RIl or RIII receptor mAbs all enhancedAbrﬁgjrrgd\c’)\’#vKiSr;egcéaezi'xsvﬁg QhBrgﬁjdarﬁi’n%cl)DrteLZoﬁ’e
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. . mediates antigen-induced late bronchial responses
on monocytes likewise have been shown to en-

- and prolonged airway hyperresponsiveness in sheep.
hance allergen presentation (Maurer et al. 1995). ; C“Ir)1 |nve(‘3193: 776-%8)7/!3 P P

Complexing specific IgE antibody with antigenapu-Ghazaleh RI, Fujisawa T, Mestecky J, Kyle RA,
(Der pli) facilitated CD23-dependent antigen pre-  Gleich GJ 1989. IgA-induced eosinophil degranula-
sentation by EBV-B cells, lowering 1000-fold the  tion. J Immunol42: 2393-2400.

effective dose of antigen (van der Heijden et alAhuja SS, Paliogianni F, Yamada H, Balow JE, Boumpas
1993). A role for IgE-mediated APC function in DT 1993. Effect of transforming growth factfren
eliciting experimental allergic airway eosinophilia early and late activation events in human T célls.
and Th2 cytokine expression has been indicated jp mmunol150:3109-3118.

anti-IgE treated and CD23 deficient mice (Coylg“ €0 FB. LO“?OfDL’ Ovi.rton R, Takacs L, Durum SK-
et al. 1996). 1990. A role for cytokines in antigen presentation:

. hil f IL-1 and IL-4 induce accessory functions of anti-
Human eosinophils express receptors for IgG gen-presenting cells.Immunoll44: 2572-2581.

(Hartnell et al. 1992), IgE (Capron et al. 1992) ang@eil wJ, Weller PF, Tzizik DM, Galli SJ, Dvorak AM
IgA (Abu-Ghazaleh et al. 1989, Monteiro et al.  1993. Ultrastructural immunogold localization of

1993). Human eosinophil IgE receptors include a tumor necrosis factor to the matrix compartment of
variant of CD23 (Grangette et al. 1989), the low human eosinophil secondary granulkslistochem



178  Eosinophil-lymphocyte Interactions * PF Weller, K Lim

Cytochemt1: 1611-1615. Costa JJ, Matossian K, Beil WJ, Wong DTW, Gordon
Beninati W, Derdak S, Dixon PF, Grider DJ, Strollo DC, JR, Dvorak AM, Weller PF, Galli SJ 1993. Human
Hensley RE, Lucey DR 1993. Pulmonary eosino- eosinophils can express the cytokines TiNEnd

phils express HLA-DR in chronic eosinophilic pneu- ~ MIP-1a. J Clin Invest91: 2673-2684.
monia.J Allergy Clin Immuno®2: 442-449. Coyle AJ, Wagner K, Bertrand C, Tsuyuki S, Bews J,

Bentley AM, Meng Q, Robinson DS, Hamid Q, Kay = Heusser C 1996. Central role of immunoglobulin (Ig)
AB, Durham SR 1993. Increases in activated T lym-  E in the induction of lung eosinophil infiltration and
phocytes, eosinophils, and cytokine mRNA expres- T helper 2 cell cytokine production: inhibition by a
sion for interleukin-5 and granulocyte/macrophage non-anaphylactogenic anti-IgE antibod¥xp Med
colony-stimulating factor in bronchial biopsies af-  183:1303-1310.
ter allergen challenge in atopic asthmatiéma J  Cruikshank WW, Center DM, Nisar N, Wu M, Natke B,
Respir Cell Mol Biol 835-42. Theodore AC, Kornfeld H 1994. Molecular and func-

Berlin C, Berg EL, Briskin MJ, Andrew DP, Kilshaw tional analysis of a lymphocyte chemoattractant fac-
PJ, Holzmann B, Weissman IL, Hamann A, Butcher tor: association of biologic function with CD4 ex-
EC 1993047 integrin mediates lymphocyte bind- pressionProc Natl Acad Sci USA 95109-5113.
ing to the mucosal vascular addressin MAdCAM-1Cruikshank WW, Lim K, Theodore AC, Cook J, Fine G,
Cell 74: 185. Weller PF, Center DM 1996. IL-16 inhibition of

Bochner BS, Luscinskas FW, Gimbrone MAJ, Newman CD3-dependent lymphocyte activation and prolif-
W, Sterbinsky SA, Derse-Anthony CP, Klunk D, eration.J Immunol157:5240-5248.

Schleimer RP 1991. Adhesion of human basophilsszech W, Krutmann J, Budnik A, Schopf E, Kapp A
eosinophils, and neutrophils to interleukin 1-acti- 1993. Induction of intercellular adhesion molecule
vated human vascular endothelial cells: contributions 1 (ICAM-1) expression in normal human eosinophils
of endothelial cell adhesion moleculdsExp Med by inflammatory cytokinesl Invest Dermatol00:
173:1553-1557. 417-423.

Bosse M, Audette M, Ferland C, Pelletier G, Chu HWDel Pozo V, De Andrés B, Martin E, Cardaba B,
Dakhama A, Lavigne S, Boulet LP, Laviolette M Fernandez JC, Gallardo S, Tramon P, Leyva-Cobian
1996. Gene expression of interleukin-2 in purified F, Palomino P, Lahoz C 1992. Eosinophil as anti-
human peripheral blood eosinophilsaimunology gen-presenting cell: activation of T cell clones and
87:149-154. T cell hybridoma by eosinophils after antigen pro-

Braun RK, Franchini M, Erard F, Rihs S, De Vries IJM,  cessingEur J ImmunoR2: 1919-1925.

Blaser K, Hansel TT, Walker C 1993. Human peDesreumaux P, Janin A, Colombel JF, Prin L, Plumas J,
ripheral blood eosinophils produce and release Emiliee D, Torpier G, Capron A, Capron M 1992.

interleukin-8 on stimulation with calcium ionophore.  Interleukin-5 messenger RNA expression by eosi-
Eur J ImmunoR3: 956-960. nophils in the intestinal mucosa of patients with co-

Broide DH, Paine MM, Firestein GS 1992. Eosinophils  eliac diseasel Exp Medl75: 293-296.
express interleukin 5 and granulocyte macrophagddesvaux FX, Peltre G, David B 1989. Characterization
colony- stimulating factor mRNA at sites of allergic ~ of grass pollen-specific IgE, IgA, IgM classes and

inflammation in asthmaticg. Clin Inves©90: 1414- IgG subclasses in allergic patierits. Arch Allergy
1424. Appl ImmunoB9: 281-287.

Butterworth AE 1984. Cell-mediated damage to helmbobrina A, Menegazzi R, Carlos TM, Nardon E, Cramer,
inths. Adv Parasitol 23143-235. R, Zacchi T, Harlan JM, Patriarca P 1991. Mecha-

Capron M, Truong MJ, Aldebert D, Gruart V, Suemura  nisms of eosinophil adherence to cultured vascular
M, Delespesse G, Tourvieille B, Capron A 1992. endothelial cells. Eosinophils bind to the cytokine-
Eosinophil IgE receptor and CD2&munol Re4l1: induced ligand vascular cell adhesion molecule-1 via
252-259. the very late activation antigen-4 integrin receptor.

Cella M, Scheidegger D, Palmer-Lehmann K, Lane P, J Clin Invest8: 20-26.

Lanzavecchia A, Alber G 1996. Ligation of CD40Elices MJ, Osborn L, Takada Y, Crouse C, Luhowskyj
on dendritic cells triggers production of high levels S, Hemler ME, Lobb RR 1990. VCAM-1 on acti-
of interleukin-12 and enhances T cell stimulatory vated endothelium interacts with the leukocyte
capacity: T- T help via APC activatiod.Exp Med integrin VLA-4 at a site distinct from the VLA-4/
184:747-752. fibronectin binding siteCell 60: 577-584.

Chelen CJ, Fang Y, Freeman GJ, Secrist H, Marshdlovic A, Wong DTW, Weller PF, Matossian K, Galli SJ
JD, Hwang PT, Frankel LR, DeKruyff RH, Umetsu 1994. Expression of TGE-and TGFB; mRNA and
DT 1995. Human alveolar macrophages present an- product by eosinophils in nasal polypsllergy Clin
tigen ineffectively due to defective expression of B7  Immunol93: 864-876.
costimulatory cell surface moleculesClin Invest Erle DJ, Briskin MJ, Butcher EC, Garcia-Pardo A,
95: 1415-1421. Lazorovits Al, Tidswell M 1994. Expression and

Chihara J, Kubo H, Sakurada R, Yamamoto J, Nakano function of the MAdCAM-1 receptor, integradp?,

N, Sugihara R, Nakajima S 1989. [IgE-Fc receptor on human leukocytes.Immunol153:517-528.
expressions on bronchoalveolar lavage (BAL) cell$oster PS, Hogan SP, Ramsay AJ, Matthaei KI, Young
in a patient with eosinophilic pneumonia accompa- 1G 1996. Interleukin 5 deficiency abolishes eosino-
nied with bronchial asthma-the effect of ketotifen  philia, airways hyperreactivity, and lung damage in
on their expressionfArerugi 38: 326-333. a mouse asthma modélExp Med 183195-201.



Mem Inst Oswaldo Cruz, Rio de Janeiro, Vol. 92, Supp. Il, 1997 179

Gant VA, Shakoor Z, Hamblin AS 1992. A new method PG, Kraal G, Thepen T 1993. Downregulation of
for measuring clustering in suspension between ac- the antigen presenting cell function(s) of pulmonary

cessory cells and T lymphocytdsimmunol Meth- dendritic cells in vivo by resident alveolar macroph-
ods 156:179-189. ages.J Exp Medl77:397-407.

Gleich GJ, Adolphson CR, Leiferman KM 1992. Eosi-Humbert M, Grant JA, Taborda-Barata L, Durham SR,
nophils, p. 663-700. Iinflammation: basic prin- Pfister R, Menz G, Barkans J, Ying S, Kay AB 1996.
ciples and clinical correlate2nd ed., New York, High-affinity IgE receptor (FaRI)-bearing cells in
Raven Press. bronchial biopsies from atopic and nonatopic asthma.

Gosselin EJ, Wardwell K, Gosselin DR, Alter N, Fisher  Am J Resp Crit Care Metb3: 1931-1937.

JL, Guyre PM 1992. Enhanced antigen presentatiomvamoto |, Nakajima H, Endo H, Yoshida S 1993. In-
using human Fc gamma receptor (monocyte/mac- terferon gamma regulates antigen-induced eosino-
rophage)-specific immunogend.Immunol149: phil recruitment into the mouse airways by inhibit-
3477-3481. ing the infiltration of CD4 T cells.J Exp MedL77:

Gounni AS, Lamkhioued B, Delaporte E, Dubost A, 573-576.

Kinet JP, Capron A, Capron M 1994a. The highKayes SG, Oaks JA 1978. Development of the granulo-
affinity IgE receptor on eosinophils: from allergyto  matous response in murine toxocariasis. Initial
parasites or from parasites to allergy®lergy Clin eventsAm J PathoB3: 277-294.

Immunol94: 1214-1216. Kita H, Ohnishi T, Okubo Y, Weiler D, Abrams JS,

Gounni AS, Lamkhioued B, Ochiai K, Tanaka Y, Gleich GJ 1991. Granulocyte/macrophage colony-
Delaporte E, Capron A, Kinet JP, Capron M 1994b. stimulating factor and interleukin 3 release from
High-affinity IgE receptor on eosinophils isinvolved ~ human peripheral blood eosinophils and neutrophils.
in defence against parasitdgature367: 183-186. J Exp Medl74:745-748.

Grangette C, Gruart V, Ouaissi MA, Rizvi F, DelespessKitani S, Ito K, Miyamoto T 1985. IgG, IgA, and IgM
G, Capron A, Capron M 1989. IgE receptor on hu-  antibodies to mite in sera and sputa from asthmatic
man eosinophils (FCERII). Comparison with B cell  patientsAnn Allergy55: 612-620.

CD23 and association with an adhesion molecule.Kraal G, Schornagel K, Streeter PR, Holzmann B,
Immunol143: 3580-3588. Butcher EC 1995. Expression of the mucosal vascu-

Guida L, O’Hehir RE, Hawrylowicz CM 1994. Synergy  lar addressin, MAdACAM-1, on sinus- lining cells in
between dexamethasone and interleukin-5 for the the spleenAm J Patholl47:763-771.
induction of major histocompatibility complex classLamkhioued B, Aldebert D, Gounni AS, Delaporte E,
Il expression by human peripheral blood eosinophils.  Goldman M, Capron A, Capron M 1995. Synthesis
Blood84: 2733-2740. of cytokines by eosinophils and their regulatitort.

Hamid Q, Barkans J, Meng Q, Ying S, Abrams JS, Kay Arch Allergy Immunol07: 122-123.

AB, Mogbel R 1992. Human eosinophils synthesizé.ee H-M, Rich S 1993. Differential activation of CD8
and secrete interleukin-6, in vitrBlood 80: 1496- T cells by transforming growth fact@t.J Immunol
1501. 151:668-677.

Hansel TT, Braunstein JB, Walker C, Blaser K,Levi-Schaffer F, Barkans J, Newman TM, Ying S,
Bruijnzeel PLB, Virchow JC Jr, Virchow C 1991. Wakelin M, Hohenstein R, Barak V, Lacy P, Kay
Sputum eosinophils from asthmatics express ICAM-  AB, Mogbel R 1996. Identification of interleukin-2
1 and HLA-DR.CIin Exp ImmunoB6: 271-277. in human peripheral blood eosinophilmmunology

Hansel TT, De Vries |JM, Carballido JM, Braun RK, 87:155-161.

Carballido-Perrig N, Rihs S, Blaser K, Walker CLim K, Wan H-C, Resnick M, Wong DTW, Cruikshank
1992. Induction and function of eosinophil intercel- ~ WW, Kornfeld H, Center DM, Weller PF 1995. Hu-
lular adhesion molecule-1 and HLA-DRImmunol man eosinophils release the lymphocyte and eosi-
149:2130-2136. nophil active cytokines, RANTES and lymphocyte

Harding CV, Unanue ER 1990. Quantitation of antigen- chemoattractant factor (LCF)nt Arch Allergy
presenting cell MHC class ll/peptide complexes nec- Immunol107: 342.
essary for T-cell stimulatioiNature346:574-576. Lim KG, Wan H-C, Bozza PT, Resnick MB, Wong DTW,

Hartnell A, Kay AB, Wardlaw AJ 1992. IFN-gamma Cruikshank DTW, Kornfeld H, Center DM, Weller
induces expression of Fc gamma RIIl (CD16) on PF 1996a. Human eosinophils elaborate the lympho-
human eosinophilsl Immunol148:1471-1478. cyte chemoattractants: IL-16 (lymphocyte

Havenith CE, van Miert PP, Breedijk AJ, Beelen RH, chemoattractant factor, LCF) and RANTES.
Hoefsmit EC 1993. Migration of dendritic cells into Immunol 1562522-2527.
the draining lymph nodes of the lung after intratralim KG, Wan HC, Geha R, Weller PF 1996b. Acces-
cheal instillationAm J Respir Cell Mol Bi®: 484- sory cell function of eosinophils: CD40-mediated T
488. cell proliferation.Am J Respir Crit Care Med 153:

Herndon FJ, Kayes SG 1992. Depletion of eosinophils  A55.
by anti-IL-5 monoclonal antibody treatment of miceLitt M 1963. Studies of experimental eosinophilia. V.

infected withTrichinella spiralisdoes not alter para- Eosinophils in lymph nodes of guinea pigs follow-
site burden or immunologic resistance to reinfection. ing primary antigenic stimulatio®m J Pathol 42:
J Immunol149: 3642-3647. 529-550.

Holt PG, Oliver J, Bilyk N, McMenamin C, McMenamin Litt M 1964a. Studies in experimental eosinophilia VI.



180 Eosinophil-lymphocyte Interactions * PF Weller, K Lim

Uptake of immune complexes by eosinoplil€ell tochemical localization of IL-4 in human inflamed
Biol 23: 355-361. airway tissues. IL-4 is localized to eosinophiis
Litt M 1964b. Studies in experimental eosinophilia VIl.  vivoand is released by peripheral blood eosinophils.

Eosinophils in lymph nodes during the first 24 hr ~ J Immunol155: 3234-3244.
following primary antigenic stimulatiod.Immunol Ohkawara Y, Lim KG, Xing Z, Glibetic M, Nakano K,
93:807-813. Dolovich J, Croitoru K, Weller PF, Jordana M 1996.

Lucey DR, Dorsky DI, Nicholson-Weller A, Weller PF CDA40 expression by human peripheral blood eosi-
1989a. Human eosinophils express CD4 protein and nophils.J Clin Inves97: 1761-1766.
bind HIV-1 GP120J Exp Med 169327-332. Ohkawara Y, Yamauchi K, Maruyama N, Hoshi H, Ohno

Lucey DR, Nicholson-Weller A, Weller PF 1989b. Ma- I, Honma M, Tanno Y, Tamura G, Shirato K, Ohtani
ture human eosinophils have the capacity to express H 1995. In situ expression of the cell adhesion mol-
HLA-DR. Proc Natl Acad Sci US86: 1348-1351. ecules in bronchial tissues from asthmatics with air

MacLean JA, Xia W, Pinto CE, Zhao L, Liu H-W, Kradin  flow limitation: in vivo evidence of VCAM-1/VLA-

RL 1996. Sequestration of inhaled particulate anti- 4 interaction in selective eosinophil infiltratiolm
gens by lung phagocytes. A mechansism for the ef- J Respir Cell Mol Bioll2: 4-12.

fective inhibition of pulmonary cell-mediated im- Ohnishi T, Kita H, Weiler D, Sur S, Sedgwick JB,
munity. Am J Patholl48: 657-666. Calhoun WJ, Busse WW, Abrams JS, Gleich GJ

Maurer D, Ebner C, Reininger B, Fiebiger E, Kraft D, 1993. IL-5 is the predominant eosinophil-active
Kinet JP, Stingl G 1995. The high affinity IgE re-  cytokine in the antigen-induced pulmonary late-
ceptor (Fc epsilon RI) mediates IgE-dependent al- phase reactiolhm Rev Resp Dis47: 901-907.
lergen presentatiod. Immunol 1546285-6290. Ohno |, Lea R, Finotto S, Marshall J, Denburg J,

Melani C, Mattia GF, Silvani A, Care A, Rivoltini L, Dolovich J, Gauldie J, Jordana M 1991. Granulo-
Parmiani G, Colombo MP 1993. Interleukin-6 ex-  cyte/macrophage colony-stimulating factor (GM-
pression in human neutrophil and eosinophil periph-  CSF) gene expression by eosinophils in nasal poly-
eral blood granulocyte®lood81: 2744-2749. posis.Am J Respir Cell Mol Bids: 505-510.

Mengelers HJ, Maikoe T, Brinkman L, Hooibrink B, Ohno |, Lea RG, Flanders KC, Clark DA, Banwatt D,
Lammers J-WJ, Koenderman L 1994. Immuno- Dolovich J, Denburg J, Harley CB, Gauldie J,
phenotyping of eosinophils recovered from blood Jordana M 1992. Eosinophils in chronically inflamed
and BAL of allergic asthmaticssm J Respir Crit human upper airway tissues express transforming
Care Med149: 345-351. growth factor beta 1 gene (TGF betadLlin In-

Mengelers HJ, Maikoe T, Raaijmakers JA, Lammers JW, vest 89:1662-1668.

Koenderman L 1995. Cognate interaction betwee®kubo Y, Hossain M, Kai R, Sato E, Honda T, Sekiguchi,
human lymphocytes and eosinophils is mediated by M, Itoh S, Takatsu K 1995. Adhesion molecules on
beta 2-integrins and very late antigerd4.ab Clin eosinophils in acute eosinophilic pneumorien J
Med126: 261-268. Respir Crit Care Med 51: 1259-1262.

Minami Y, Kono T, Miyaki T, Taniguchi T 1993. The Peng X, Kasran A, Warmerdam PA, de Boer M,
IL-2 receptor complex: its structure, function, and  Ceuppens JL 1996. Accessory signaling by CD40
target genesAnnu Rev Immundll: 245-268. for T cell activation: induction of Thl and Th2

Monteiro RC, Hostoffer RW, Cooper MD, Bonner JR,  cytokines and synergy with interleukin-12 for inter-
Gartland GL, Kubagawa H 1993. Definition of im-  feron-gamma productioEur J Immunol 261621-
munoglobulin A receptors on eosinophils and their  1627.
enhanced expression in allergic individudilin  Platt-Mills TAE 1992. Mechanisms of bronchial reac-
Invest92: 1681-1685. tivity: the role of immunoglobulin EAm Rev Resp

Mogbel R, Hamid Q, Ying S, Barkans J, Hartnell A, Dis 145: S44-S7.

Tsicopoulos A, Wardlaw AJ, Kay AB 1991. Expres-Platts-Mills TA 1979. Local production of IgG, IgA and
sion of MRNA and immunoreactivity for the granu-  IgE antibodies in grass pollen hay fexlhmmunol
locyte/macrophage colony-stimulating factor in ac-  122:2218-2225.

tivated human eosinophil3Exp MedL74:749-752.  Pretolani M, Ruffie C, Lapa e Silva JR, Joseph D, Lobb

Mogbel R, Ying S, Barkans J, Newman TM, Kimmitt P,  RR, Vargaftig BB 1994. Antibody to very late acti-
Wakelin M, Taborda-Barata L, Meng Q, Corrigan  vation antigen 4 prevents antigen-induced bronchial
CJ, Durham SR, Kay AB 1995. Identification of  hyperreactivity and cellular infiltration in the guinea
mesenger RNA for IL-4 in human eosinophils with  pig airways.J Exp Med 180795-805.
granule localization and release of the translateBand TH, Cruikshank WW, Center DM, Weller PF

product.J Immunoll55: 4939-4947. 1991a. CD4-mediated stimulation of human eosi-
Mufioz M, Serrador J, Sdnchez-Madrid F, Teixid6 J 1996. nophils: Lymphocyte chemoattractant factor and
A region of the integrin VLA4 subunit involved in other CD4-binding ligands elicit eosinophil migra-

homotypic cell aggregation and in fibronectin but  tion.J Exp Medl73: 1521-1528.

not vascular cell adhesion molecule-1 bindihBiol ~ Rand TH, Silberstein DS, Kornfeld H, Weller PF 1991b.

Chem271:2696-2702. Human eosinophils express functional interleukin 2
Nonaka M, Nonaka R, Woolley K, Adelroth E, Miura receptorsJ Clin Invesi88: 825-832.

K, Okhawara Y, Glibetic M, Nakano K, O'Byrne P, Resnick MB, Weller PF 1993. Mechanisms of eosinophil

Dolovich J, Jordana M 1995. Distinct immunohis-  recruitmentAm J Resp Cell Mol Bid: 349-355.



Mem Inst Oswaldo Cruz, Rio de Janeiro, Vol. 92, Supp. Il, 1997 181

Roberts AN 1966. Cellular localization and quantitatiorifaub DD, Conlon K, Lloyd AR, Oppenheim JJ, Kelvin
of tritiated antigen in mouse lymph nodes during DJ 1993. Preferential migration of activated CD4
early primary immune responsdm J Pathol49: and CD8 T cells in response to MIPaland MIP-
889-909. 1B. Science260: 355-358.

Rott LS, Briskin MJ, Andrew DP, Berg EL, Butcher ECTaub DD, Ortaldo JR, Turcovski-Corrales SM, Key ML,
1996. A fundamental subdivision of circulating lym-  Longo DL, Murphy WJ 1996. Beta chemokines
phocytes defined by adhesion to mucosal cell adhe- costimulate lymphocyte cytolysis, proliferation, and
sion molecule-1J Immunoll56: 3727-3736. lymphokine production] Leukoc Biob9: 81-89.

Ruppert J, Peters JH 1991. IL-6 and IL-1 enhance thgrban JF, Madden KB, Svetic A, Cheever A, Trotta PP,
accessory activity of human blood monocytes dur-  Gausse WC, Katona IM, Finkelman FD 1992. The
ing differentiation to macrophagesimmunol 146: importance of Th2 cytokines in protective immu-
144-149. _ _ _ nity to nematodesmmunol Rel27: 205-220.

Sabesin SM 1963. A function of the eosinophil: phagoyan der Heijden FL, Joost van Neerven RJ, van Katwijk
cyt03|s of antigen-antibody complexBsoc Soc Exp M, Bos JD, Kapsenberg ML 1993. Serum-IgE-fa-
Biol Med112:667-671. _ cilitated allergen presentation in atopic disedse.

Sabin EA, Kopf MA, Pearce EJ 1996chistosoma Immunol150: 3643-3650.

mansoniegg-induced early IL-4 production is de-yan Qosterhout AJ, Ladenius AR, Savelkoul HF, Van
pendent upon IL-5 and eosinophisexp MedL84: Ark 1, Delsman KC, Nijkamp FP 1993. Effect of

1871-1878. . . .
. anti-IL-5 and IL-5 on airway hyperreactivity and
Sakamoto S, Oki K, Takahashi H, Arakawa Y, Sugita H, eosinophils in guinea pigAmyRe)\//pRespir D'ﬂ;ﬁ?:

Kawabata Y, Takeuchi K, Tomichi N 1995a. Sur- 548-552.

face_ antig_gns on eosin_ophils in bronchial asthma an\%n Rooijen N 1990. Antigen processing and presenta-
eosinophilic pneumoniant Arch Allergy Immunol tion in viva: the microenvironment as a crucial fac-

108(Suppl 1) 6-8. tor. Immunol Todayl1: 436-439.

Saksmrgtl?eﬁéﬁ kK' ﬁ.’oﬁléﬁ?ﬁsggg;sgrgﬁ}giegﬁt?v‘f;g/an Rooijen N 1992. Macrophages as accessory cells in
: ' : 9 thein vivohumoral immune response: from process-

of eosinophils in peripheral blood and BALF of pa- . . - : i
tients with eosinophilic pneumonidm Rev Resp ing ofspartilr(]:lfrl]?’r[sua:]n;g;gs%_tgdfrgguIatlon by suppres
Crit Care Med151: A219. sion. >em ; -

Schall TJ, Bacon K, Toy KJ, Goeddel DV 1990. Selecwan H-C, Lazarovits Al, Cruikshank WW, Kornfeld H,

tive attraction of monocytes and T lymphocytes of _Ce”teF DM, WeII_er PF. 1995. Expressio_na#B?

the memory phenotype by cytokine RANTE®&- integrin on _eosmophlls apd modulatl_on ol

ture 347: 669-671. integrin-mediated eosinophil adhesion via CIDd.
Schweighoffer T, Tanaka Y, Tidswell M, Erle DJ, Horgan . Arch Allergy Immunol 107343-344.

KJ, Ginther Luce GE, Lazarovits Al, Buck D, ShawWWardlaw AJ, Kay AB 1992. Interrelationship between

S 1993. Selective expression of integui#37 on a T lymphocytes and eosinophils, p. 261-27IEasi-
subset of human CD4memory T cells with hall- nophils: biological and clinical aspect8oca Raton,
marks of gut-trophism] Immunol151: 717-729. CRC Press.

Sedgwick JB, Calhoun WJ, Vrtis RF, Bates ME Weg VB, Williams TJ, Lobb RR, Nourshargh S 1993. A
McAllister PK, Busse WW 1992. Comparison of ~ monoclonal antibody recognizing very late activa-
airway and blood eosinophil function after in vivo ~ tion antigen-4 inhibits eosinophil accumulation in
antigen challengel Immunol149: 3710-3718. vivo. J Exp Medl77: 561-566.

Sedgwick JB, Quan SF, Calhoun WJ, Busse WWw 199%Veller PF 1991. The immunobiology of eosinoptiilew
Effect of interleukin-5 and granulocyte-macrophage ~ EnglJ Med324:1110-1118.
colony stimulating factor on in vitro eosinophil func- Weller PF 1993. Lipid, peptide and cytokine mediators
tion: comparison with airway eosinophilsAllergy elaborated by eosinophils, p. 25-42lfmunophar-
Clin Immunol96: 375-385. macology of eosinophils. The Handbook of

Sher A, Coffman RL, Hieny S, Cheever AW 1990. Ab-  immunopharmacologyondon, Academic Press.
lation of eosinophil and IgE responses with anti-IL-Weller PF, Rand TH, Barrett T, Elovic A, Wong DT,
5 or anti-IL-4 antibodies fails to affect immunity Finberg RW 1993. Accessory cell function of hu-
againstSchistosoma mansorn the mouseJ man eosinophils: HLA-DR dependent, MHC-re-
Immunol 145:3911-3916. stricted antigen-presentation and interleulonfdr-

Tamura N, Ishii N, Nakazawa M, Nagoya M, Yoshinari  mation.J Immunoll150: 2554-2562.

M, Amano T, Nakazima H, Minami M 1996. Re- Weller PF, Rand TH, Goelz SE, Chi-Rosso G, Lobb RJ
quirement of CD80 and CD86 molecules for anti-  1991. Human eosinophil adherence to vascular en-
gen presentation by eosinophi&and J Immunol dothelium mediated by binding to VCAM-1 and
44: 229-238. ELAM-1. Proc Natl Acad Sci USA 88430-7433.

Tanaka Y, Takenaka M, Matsunaga Y, Okada S, Anan $yong DTW, Elovic A, Matossian K, Nagura N, McBride
Yoshida H, Ra C 1995. High affinity IgE receptor  J, Gordon JR, Rand TH, Galli SJ, Weller PF 1991.
(Fc epsilon RI) expression on eosinophils infiltrat-  Eosinophils from patients with blood eosinophilia

ing the lesions and mite patch tested sites in atopic express transforming growth factpy. Blood 78:
dermatitis.Arch Dermatol Re287: 712-717. 2702-2707.



182  Eosinophil-lymphocyte Interactions * PF Weller, K Lim

Wong DTW, Weller PF, Galli SJ, Rand TH, Elovic A, Xia W, Pinto CE, Kradin RL 1995. The antigen-present-
Chiang T, Chou MY, Gallagher GT, Matossian K, ing activities of la+ dendritic cells shift dynamically
McBride J, Todd R 1990. Human eosinophils ex-  from lung to lymph node after an airway challenge
press transforming growth factorJ Exp MedlL72: with soluble antigen] Exp Med181: 1275-1283.
673-681. Ying S, Meng Q, Taborda-Barata L, Corrigan CJ,

Wyss-Coray T, Gallati H, Pracht I, Limat A, Mauri D, Barkans J, Assoufi B, Mogbel R, Durham SR, Kay
Frutig K, Pichler WJ 1993. Antigen-presenting hu-  AB 1996. Human eosinophils express messenger
man T cells and antigen-presenting B cells induce a RNA encoding RANTES and store and release bio-
similar cytokine profile in specific T cell clondsur logically active RANTES proteinEur J Immunol
J Immunol23: 3350-3357. 26: 70-76.



