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Basophils, eosinophils, and mast cells (MCs) 
are specialized effector cells of the immune sys- 
tem. They are involved in inflammatory and aller- 
gic reactions and store and release multifunc- 
tional mediator molecules including vasoactive 
substances, lipid mediators, or cytokinesJ -3 Sev- 
eral different agonists, such as immunoglobulin, 
complement components, peptides, or cytokines 
and their specific receptors are involved in the 
activation of basophils, eosinophils, and MCs for 
mediator secretion? -~ 

MCs, basophils, and eosinophils originate from 
uncommitted multipotent progenitor cells. 5 Pre- 
cursor cells giving rise to eosinophils and baso- 
phils (CFU eo/ba) are responsive to T cell-derived 
factors,6, 7 whereas MC precursor cells (CFU- 
MAST) are responsive to stroma-cell-derived cy- 
tokines. 8 Basophils, eosinophils, and MCs form 
separate cell lineages and the committed precursor 
cells (giving rise to either MCs, basophils, or eosin- 
ophils) clearly are different cells?' 9 Basophils and 
eosinophils usually complete their differentiation 
in the bone marrow. After maturation both cells 
leave the marrow and are circulating cells. Under 
certain circumstances, and in particular on cell ac- 
tivation, basophils and eosinophils may leave the 
bloodstream to enter extravascular (inflamed) tis- 
sues. 3 In contrast, MCs derive from circulating 
multipotent progenitor cells (CFU-MIX), and af- 
ter extravasation/homing of progenitors, undergo 
and complete their differentiation in extramedul- 
lary organs. 1° However, MCs may also migrate in 
the tissues and appear at sites of inflammation. 
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Abbreviations used 
GM-CSF: Granulocyte-macrophage colony- 

stimulating factor 
ICAM: Intercellular adhesion molecule 

IFN: Interferon 
IL: Interleukin 

LFA: Leukocyte function antigen 
mAb: Monoclonal antibodies 
MC: Mast cell 

MGF: Mast cell growth factor 
SCF: Stem cell factor 
TGF: Transforming growth factor 
TNF: Tumor necrosis factor 

VCAM: Vascular cell adhesion molecule 
VLA: Very late activation antigen 

Molecules involved in the regulation of migration 
and localization of MCs, basophils, or eosinophils 
and of their progenitor cells include cytokines, 
chemokines, endothelial cell receptors, matrix re- 
ceptors, and other adhesion molecules. 

Differentiation and function of eosinophils, ba- 
sophils, and MCs are regulated by a complex net- 
work of growth factors and cytokines. Differentia- 
tion of human eosinophils and basophils is in- 
ducible by interleukin 3 (IL-3), IL-5, and 
granulocyte-macrophage colony-stimulating factor 
(GM_CSF).n. 12 For basophils, IL-3 is the most 
potent agonist. The functional properties of ma- 
ture eosinophils and basophils can also be trig- 
gered by IL-3, IL-5, and GM-CSF. 13q6 MC differ- 
entiation is inducible by stem cell factor (SCF), 
also termed c-kit ligand, steel factor, or mast cell 
growth factor (MGF). 17' 18 Moreover, SCF is a 
unique activation factor for human M C s .  19-2a 

METHODS 

Basophils were obtained from normal donors 
(n = 15) and from donors with chronic myeloid leuke- 
mia (n = 10). Basophils were enriched by Ficoll prepa- 
ration (MNC). Normal basophils were purified to homo- 
geneity ( > 99%) by elutriation followed by magnetic cell 
depletion of CD14+ cells and sorting for CD17+ + 
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TABLE I. Cytokine receptors expressed on human eosinophils, basophils, and MCs I 

Cytokine receptor CD Eosinophils Basophils MC 

IL-1RI 121a - - - 
IL-1RII 121b NT + - 
IL-2Rc~ 25 -+ + * - 
IL-2R[3 122 - - - 
IL-3R NC + * + * - * 
IL-4R 124 + * + * -+ 
IL-5R 125 + * + * NT 
IL-6R 126 - - - 
IL-7R 127 - - - 
IL-8R 128 + * + * NT 
IL-10R NC NT - - 

NC, Not yet clustered; NT, not tested. 
*Expression determined/confirmed by radioreceptor assay. 

cells (selected experiments).' Chronic myeloid leukemia 
basophils were purified (> 95%) by negative selection 
techniques using monoclonal antibodies (mAb) and 
complement.4, 16 Eosinophils were prepared and en- 
riched from the blood of three patients with hypereosi- 
nophilic syndrome (sedimentation, purity 85% to 91%). 
MCs were enriched from human lung (n = 4) and uterus 
(n = 15) using collagenase. Tissue MCs were purified to 
homogeneity by mAb and complement. 4 Expression of 
cell surface membrane antigens on MCs, basophils, and 
eosinophils was analyzed by indirect immunofluores- 
cence staining techniques using mAb to previously estab- 
lished or novel CD antigens. Pure cells were analyzed 
by flow cytometry. In primary cell suspensions, MCs 
and basophils were analyzed by a combined toluidine 
blue/immunofluorescence staining technique. 4' 12. 16 Ex- 
pression of cytokine binding sites was analyzed by mAb 
to CD antigens and by radioreceptor analyses) 6 Results 
have been compared and are discussed in the light of 
previously published data. 

RESULTS 
Cytokine receptors 

As assessed by radioreceptor analyses, eosino- 
phils and basophils express high affinity receptors 
for IL-3 (CD123), IL-5 (CD125), and GM-CSF 
(CDl16) (Tables I and II). These receptors are 
composed of a specific a chain and a common [3 
chain, and cross competition in binding between 
recombinant IL-3, IL-5, and GM-CSF on basophil 
and eosinophil granulocytes has been ob- 
served.22, 23  Correspondingly, basophils are recog- 
nized by mAbs to IL-3RoL and IL-3R[3. Human 
basophils also express antigens recognized by mAb 
to IL-1 receptor type II (CD121b) 24 and IL-2 
chain (CD25). 25 Expression of IL-2R receptors ~x 
on basophils (low affinity binding) was confirmed 
by radioreceptor analyses. Moreover, basophils 

expose high affinity receptors for IL-4, 26 IL-8, 27 
interferon a (IFN-a) and IFN-y (Valent and 
Virgolini, unpublished observations). Basophils 
lack G-CSF receptor and M-CSF receptor. Hu- 
man MCs express SCF binding sites and tran- 
scripts for c -k i t ,  z831 In contrast, MCs lack sub- 
stantial amounts of IL-3 or GM-CSF binding 
sites, IL-1R, IL-2R, M-CSFR, IL-6R, or 
G_CSFR?8.32 Tables I and II provide a summary 
of cytokine receptors expressed on human eo- 
sinophils, basophils and MCs. 

Little is known about expression of cytokine re- 
ceptors on precursor cell subsets and cells that give 
rise to mature eosinophils, basophils, or MCs. Ba- 
sophil and eosinophil progenitor cells supposedly 
express receptors for IL-3, IL-5, and GM-CSF. 
These cells may also express receptors for negative 
regulators of hemopoietic cell growth such as 
transforming growth factor-[3 (TGF-[3), tumor ne- 
crosis fac tor-a  (TNF-a) or the interferons. MC 
precursors are responsive to myeloid growth regu- 
lators as well. Interestingly, in contrast to primary 
MCs, the human MC precursor cell line HMC-1 is 
recognized by mAbs against IL-1 receptor type II 
(CD121b), 34 APO-I/Fas antigen (CD95), TNF re- 
ceptor (CD120a and CD120b), IFN-a/[3 receptor 
(CDl18), IFN-y receptor (CDl l9 )  and gpl30 
(CD130). 28 In contrast to blood basophils, the hu- 
man basophil precursor cell line KU-812 produces 
detectable amounts of c-kit (CD 117), although sur- 
face expression is mostly restricted to a small non- 
granulated fraction of cells. KU-812 cells also dis- 
play TG F  receptors (CD105), whereas mature ba- 
sophils do not. It is hypothesized that the precursor 
cells giving rise to eosinophils, basophils, or MCs 
express a common or similar pattern of receptors 
for positive and negative regulators of myeloid cell 
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TABLE II. Cytokine receptors expressed on human eosinophils, basophils, and mast ceils II 

Cytokine receptor CD Eosinophils Basophil MC 

M-CSFR 115 - - - 
GM-CSFR 116 + * +- - 
G-CSFR NC - - - 
IFN-c~/[~R 118 NT + * NT 
IFN-~R 119 - + * NT 
TGF-~R/E 105 - - - 
TNFRI  120a - - - 
TNFRII  120b - - - 
gpl30 130 NT - - 
APO-1/FAS 95 - - - 
NGFR related 40 - + - 
SCFR/c-k/t 117 - _+ "~ + 

NC, Not yet clustered; NT, not tested; NGF, nerve growth factor. 
*Expression determined/confirmed by radioreceptor assay. 
tExpression of small amounts of c-kit on basophil was observed by Columbo but could not be confirmed in this study. 2° 

growth.  Appa ren t l y  the  decrease  of  such receptors  
during myeloid  di f ferent ia t ion results  in the  differ- 
ent  pheno types  expressed  by m a t u r e  cells. 

Immunoglobulin receptors 

MCs and basophi ls  express substant ia l  amoun t s  
of  high affinity IgE  binding sites (FceRI) ,  whereas  
eosinophi l  granulocytes  do not.  In  contrast ,  low 
affinity IgE  binding sites are expressed  in eosino- 
phils but  not  on basophi ls  or  MCs.  Eosinophi ls  
and basophi ls  (but  not  MCs)  express the  low 
affinity r ecep to r  for  I g G  (CDw32).  33 Fc~ recep to r  
I l l  (CD16),  Fc'v r ecep to r  I (CD64),  and F c a  
r ecep to r  (CD89)  are  ne i ther  expressed  on  eosin- 
ophils,  basophils ,  or on lung or u te rus  M C s  33 

(Table  I l l ) .  

Receptors for complement and 
complement-deactivating antigens 

C o m p l e m e n t  recep tors  on eosinophils  and baso-  
phils are CR1 (CD35),  CR3 ( C D l l b ) ,  CR4  
( C D l l c ) ,  and C 5 a R  (CD88).  In  contrast ,  MCs  
(lung or u te rus )  lack CR1,  CR3,  CR4,  and  C 5 a R ?  3 
Basophils ,  eosinophils,  and MCs  lack CR2  
(CD21 = Eps te in -Bar r  virus receptor) .  Recent ly  
several  surface  ant igens involved in c o m p l e m e n t  
deact ivat ion have been  identified and c lus tered as 
hemopo ie t i c  d i f ferent ia t ion ant igens (CD).  Com-  
p lement -deac t iva t ing  surface  ant igens on h u m a n  
basophi ls  and eosinophils  are m e m b r a n e  cofactor  
p ro te in  (CD46),  decay accelera t ing factor  (CD55),  
and m e m b r a n e  a t tack  complex  inhibi tory factor  
(CD59) .  MCs  also express CD46,  CD55,  and  
CD59. Tab le  IV  provides  a s u m m a r y  of  corn- 

TABLE III. Ig receptor expression 

Ig receptor CD Eosinophils Basophils MC 

Fcc~R 89 NT - - 
FceRI NC - + + 
FceRII 23 + - - 
Fc'yRI 64 - - - 
Fc-/RII 32w + + - 
Fc-/RIII 16 - - - 

NC, Not yet clustered; NT, not tested. 

p lement -assoc ia ted  ant igens expressed  on h u m a n  
eosinophils,  basophils ,  or  MCs.  

Adhesion receptors 

Several  adhes ion  recep tors  are involved in the 
localization, migrat ion,  and accumula t ion  of  eo- 
sinophils, basophils ,  and MCs.  Circulat ing baso-  
phils and eosinophils  express Sialyl Lewis X, a 
coun te r r ecep to r  for  selectins tha t  med ia t e s  rolling 
of  leukocytes  on vascular  cell surfaces  be fo re  
adhes ion  and t ransmigra t ion .  Endothe l ia l  cell re- 
ceptors  expressed  on h u m a n  basophi ls  and eosin- 
ophils include the  [31 integrin very late act ivat ion 
an t igen-4  (VLA-4)  and the  [32 integrin leukocyte  
funct ion an t igen-1  (LFA-1) .  4' 34, 35 These  integrins 
are composed  of  an oL and [3 chain. H u m a n  
basophi ls  express the  c o m m o n  [3 chain of  [31 
integrins (CD29)  and [32 integrins (CD18),  as well  
as V L A - 4 a  (CD49d),  and L F A - l a  chain ( C D l l a ) .  
Eosinophi ls  also express C D l l a ,  CD18,  CD29, 
CD49d,  and CD49f  (VLA-6cx). 36 VLA-4  is a re- 
cep to r  for  vascular  cell adhes ion  molecu le -1  
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TABLE IV. Complement-associated surface antigens 

Complement antigens CD Eosinophils Basophils MC* 

C R 1  35 + + - 

C R 2 / C 3 d R  21 - - - 

C R 3 / C 3 b i R  11b /18  + + - 

C R 4  11c /18  + + - 

C 5 a R  88 + + - 

M C P  46  + + + 

D A F  55 + + + 

M A C I F  59 + + + 

DAF, D e c a y  acce le ra t ing  factor;  MACIF, m e m b r a n e  a t tack  complex  inhibi tory factor;  MCP, m e m b r a n e  cofac tor  pro te in .  

*Lung and u te rus  MCs  w e r e  analyzed.  

TABLE V. Cell surface integrins on eosinophils, basophils, and MCs 

Integrin CD Eosinophils Basophils MC 

[31, c o m m o n  29 + + + 

131, V L A - 2 c ~  4 9 b  - - - 

[31, V L A - 4 c ~  4 9 d  + + + 

[31, V L A - 5 c ~  4 9 e  N T  + + 

131-VLA-6c~ 4 9 f  + - - 

132, c o m m o n  18 + + - 

132, L F A - l c ~  l l a  + + - 

132, C 3 b i R  l l b  + + - 

133, c o m m o n  61 - - + 

133, I I b I I I a a  41  - - N T  

133, V N R a  51 - - + 

134 i n t e g r i n  104 - - - 

NT, Not  tested.  

TABLE Vh Recognition receptors on human eosinophils, basophils, and MCs 

Recognition receptor CD Eosinophils Basophils MC 

I C A M - 1  54  N T  + + 

I C A M - 2  102  N T  + + 

I C A M - 3  5 0  N T  + ± 

H M L - 1  103 - - - 

V C A M - 1  106 - - - 

P E C A M  31 + + - 

P A D G E M  62 - - - 

L F A - 1  1 1 a / 1 8  + + - 

L F A - 2  02  - - - 

L F A - 3  58 + + + 

L e u k o s i a l i n  43 + + + 

3 - F A L  15 + - - 

P g p - 1  44  + + + 

P L g p U b  4 2 a  N T  - - 

P L g p l X  4 2 b  N T  - - 

P L g p I V  36 - - - 

T 4 ,  c l a s s I I  R 04  - - - 

T 8 ,  c l a s s  I R 08 - - - 

NT, Not  tested.  
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TABLE VII. Virus binding sites 

Virus receptor CD Eosinophils Basophils MC 

HIV-R 04 - - - 
EBV-R 21 - - - 
MV-R 46 + + + 
RHV-R 54 - + + 

EBV, Epstein-Barr virus; H/V, human immunodeficiency virus; MV, measles virus; RHV, rhinovirus. 

TABLE VIII. Cell surface enzymes on eosinophils, basophils, and MCs 

Enzyme CD Eosinophils Basophils MC 

Endopep t idase  10 - - - 
Aminopep t idase -N 13 + + - 
Dipeptidylpeptidase IV 26 - + - 
CLA phosphatase 45 + + + 
RTK-kinase c-kit 117 - _+ * + 

CLA, Common leukocyte antigen; RTK, receptor tyrosine kinase. 
*A small subset of KU 812 cells express c-kit. 

(VCAM-1) (CD106) expressed on activated endo- 
thelial cells, and LFA-1 is a receptor for intercel- 
lular adhesion rnolecule-1 (ICAM-1) (CD54). 
Binding of eosinophils and basophils to acti- 
vated endothelium is primarily mediated via 
VLA-4/VCAM-1 and LFA-1/ICAM-1 interac- 
tions. 37 Basophils also express the laminin recep- 
tor VLA-5 (CD29/CD49e), but lack CD49f, 
CD51/CD61 (VNR), and the [34 integrin CD104 
(Table V). MCs express VLA-4, VLA-5, and the 
vitronectin receptor ~ (CD51) and [3 (CD61) 
chain,3S. 39 but lack LFA-1 (CDlla/18) and CD104 
(Table V). 

Other adhesion receptors on basophils, eosino- 
phil, and MCs are the ICAM-1 receptor CD43 
(leukosialin), the Pgp-1 homing receptor (CD44), 
and the putative aggregation receptor CD9 (p24). 
The ICAM-t antigen (CD54) is expressed on 
basophils and MCs 33' 34 but not on resting eosin- 
ophils¢ ° Basophils and MCs also expose ICAM-2 
(CD102), ICAM-3 (CD50), and the LFA-3 anti- 
gen (CD58) on their surface, but not LFA-2 
(CD2). 21 In addition, basophils display PECAM-1 
(CD31) and LAM-1 (Mell4/Leu-8). The x-hapten 
(CD15) is located in the basophil surface but is 
masked by gangliosides. Thus basophils express 
CD15 when exposed to neuraminidase or to siali- 
dase-producing viruses. Tables V and VI provide 
a summary of adhesion receptors expressed on 
basophils, eosinophils, or MCs. 

Cell surface enzymes 

Basophils express the N-formyl-methionyl- 
leucyl-phenylalanine degrading enzymes, ami- 

nopeptidase N (CD13) and dipeptidylpeptidase 
IV (CD26). 33 Eosinophils display CD13 but in- 
significant amounts of CD26. MCs lack both 
surface enzymes (Table VII). The neutral en- 
dopeptidase (CD10) is neither expressed on eo- 
sinophils nor on basophils or MCs. The pan 
leukocyte antigen (CD45), a transmembrane 
phosphatase, is produced by MCs, basophils, and 
eosinophils. 

Virus binding sites 

Recently several CD antigens have been iden- 
tified as binding sites for viral epitopes. The 
rhinovirus binding site CD54 is expressed on 
basophils and MCs. Basophils, MCs, and eosino- 
phils contain the measles virus binding site CD46 
(Table VIII). Usually these cells do not express 
the HIV receptor CD4 or the Epstein-Barr virus 
receptor CD21. 

Gangliosides and glycolipids 

Several glycolipids and gangliosides are located 
on the cell surface of basophils, eosinophils, or 
MCs. Basophils typically express large amounts of 
lactosylceramide (CDw17) and can be purified to 
homogeneity using CDw17 mAb. 9 Basophils also 
express CD43 (leukosialin), the N-linked glycan 
CD47, and VIM-2 reactive epitopes of the cera- 
mide-dodesacharide sequence CD6573 Basophils 
lack CDw60 (Neu-Ac-Neu-Ac-Gal linked) and 
CD77 (globo-sialyl-ceramid). Human eosinophils 
possess CD43 and CD65 but lack CD17. MCs 
express CD43 and CD47 but do not display 
CDw17, CD60, CD65, VIM-2, or CD77. 
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Activation antigens 

Basophil activation antigens include CD18, 
CD63, and Leu-8. Activation of basophils may be 
associated with increased expression of CD18 and 
CD63 and decreased expression of Leu-8. 41' 42 
Human MC activation antigens have not been 
identified thus far. 

Conclusion 

Knowledge of cell surface membrane antigens 
expressed on human eosinophils, basophils, and 
MCs has led to a better definition and classifica- 
tion of normal and malignant cells, novel isolation 
techniques providing pure populations of cells, 
and a better understanding of how eosinophils, 
basophils, and MCs interact with surrounding 
epitopes and thus contribute to allergic and in- 
flammatory processes. 
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Cytokine generation by eosinophils 

Redwan Moqbel, PhD, Francesca Levi-Schaffer, PhD, and 
A. Barry Kay, MD, PhD London, United Kingdom 

Eos inoph i l s  a re  p r o m i n e n t  cells in a l lergic  in- 
f l ammat ion ,  as thma,  and  i m m u n e  reac t ions  agains t  
pa ras i t i c  he lminths .  1" 2 T h e  assoc ia t ion  b e t w e e n  eo-  
s inophi l s  and  a s thma  has  b e e n  extensively docu-  
m en t ed .  La rge  n u m b e r s  of  eos inophi l s  and  the i r  
g r anu le  p roduc t s  have b e e n  obse rved  in the  air-  
ways of  pa t i en t s  wi th  as thma,  2 and  an inverse  cor-  
r e l a t ion  b e t w e e n  the  degree  of  b ronch ia l  hyper re -  
activity and  p e r i p h e r a l  b lood  eos inoph i l i a  was 
shown in subjects  in w h o m  a l a t e -phase  r e sponse  
d e v e l o p e d  af te r  an t igen  cha l l enge?  W i t h  use  of  
f iberop t ic  b r o n c h o s c o p y  it was poss ib le  to co r r e l a t e  
the  n u m b e r  of  ac t iva ted  eos inophi l s  wi th  the  de-  
gree  of  b ronch ia l  hyper respons iveness .  4 However ,  
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GM-CSF: Granulocyte-macrophage colony- 
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desp i t e  this c lose associat ion,  the  ev idence  of  a 
cause  and  effect  r e l a t ionsh ip  b e t w e e n  eos inoph i l  
p roduc t s  and  t issue d a m a g e  r ema ins  unproven .  

The  accumula t ion  of  eos inophi l s  into the  site of  
the  in f l ammato ry  focus in a l lerg ic- type  r e sponses  is 
be l i eved  to b e  r egu l a t ed  by a complex  ser ies  of  
events  tha t  involves T cells and  cytokines .  1' 5, 6 Cyto-  
kines,  pa r t i cu la r ly  in te r leukin-3  (IL-3),  IL-5,  and  
g r a n u l o c y t e - m a c r o p h a g e  co lony-s t imula t ing  fac tor  
( G M - C S F ) ,  inf luence  eos inoph i l  growth,  ma tu r a -  
t ion,  and  d i f fe rent ia t ion .  IL-5 is of  pa r t i cu l a r  in ter -  
est  b e c a u s e  it is un ique  in tha t  it p r o m o t e s  t e rmina l  
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