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Although the human basophil is predominantly
a circulating cell, it is known to participate in a
variety of inflammatory responses. For example,
basophils have clearly been identified in skin at
sites of contact hypersensitivity, erythema multi-
forme, bullous pemphigoid, and cutaneous baso-
phil hypersensitivity reactions and in the airways
of subjects with allergic rhinitis and asthma.” > In
addition, an influx of basophils accompanies the
allergic late phase response that occurs after
antigen challenge of the skin and airways.>® Thus
basophils, like other granulocytes, can emigrate
from the intravascular compartment into specific
tissues. The observation that increased numbers
of basophils accumulate at certain inflammatory
sites suggests that they are activated and recruited
to these locations. During this process it is neces-
sary for these cells to interact with endothelial
cells, parenchymal cells, and extracellular matrix
proteins as they undergo margination, transendo-
thelial migration, and enter the tissue space. Es-
sentially all of the steps in this process involve the
interaction of basophil cell surface adhesion mol-
ecules with specific adhesion molecule counter-
receptors. Several extensive reviews have recently
been written on cell adhesion molecule biology®®
and the potential role of these molecules in aller-
gic diseases.”"* This article will focus on the
expression and function of adhesion molecules on
human basophils.

From the Department of Medicine, Division of Clinical Im-
munology, Johns Hopkins University School of Medicine,
Johns Hopkins Asthma and Allergy Center.

Reprint requests: Bruce S. Bochner, MD, Department of
Medicine, Division of Clinical Immunology, Johns Hopkins
University School of Medicine, Johns Hopkins Asthma and
Allergy Center, 5501 Hopkins Bayview Circle, Baltimore,
MD 21224-6801.

J ArLErGgy Criv ImmuNoL 1994;94:1157-62.

Copyright © 1994 by Mosby—Year Book, Inc.

0091-6749/94 $3.00 + 0 1/0/59910

Abbreviations used
ICAM: Intercellular adhesion molecule
IL: Interleukin
LFA: Leukocyte function-associated an-
tigen
MCP: Monocyte chemotactic protein
MIP: Macrophage inflammatory protein
VCAM: Vascular cell adhesion molecule
VLA: Very late activation antigen
BASOPHIL ADHESION

MOLECULE PHENOTYPE

Basophils have recently been subjected to ex-
tensive phenotypic analysis. Techniques such as
immunofluorescence and flow cytometry have
been used to detect and quantify a wide variety of
cell surface structures.'”> * With respect to the
expression of cell adhesion molecules, basophils
have on their surfaces several molecules belong-
ing to the integrin, selectin, and immunoglobulin
gene superfamilies, as well as carbohydrate mol-
ecules that are ligands for selectins (Table I).
These molecules are primarily constitutively ex-
pressed and expression is not altered by cell
activation. A major exception to this is the finding
that activation by certain secretagogues, cyto-
kines, or chemoattractants is associated with a
rapid increase in the cell surface expression of 2
integrins (e.g., CD11b but not CD11a) and CD35
(CR1) (Fig. 1). Associated with these changes is a
more gradual decline in surface expression of
L-selectin'**® (see Table II). Identical phenotypic
changes in expression of CD11b and L-selectin
appear to have occurred in basophils that have
been recruited into the lower airways after seg-
mental allergen challenge in vivo."

During the process of migration a series of
events occurs in which cell adhesion is coordi-
nated with deadhesion, which enables the leuko-
cyte to move into tissues.” Whereas changes in the
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TABLE 1. Expression of adhesion molecules on human basophils

Name Expressed on
Type {CD designation) Ligands basophils

Integrins

Bl (VLA) family VLA-1, alBl (CD49a/CD29)*.  Collagen, laminin No

VLA-2, a2B1 (CD49b/CD29)*  Collagen, laminin No

VLA-3, o381 (CD49¢/CD29)*  Collagen, laminin, others Yes

VLA-4, a4pl (CD49d/CD29)* VCAM-1, fibronectin Yes

VLA-5, o581 (CD49¢/CD29)*  Fibronectin Yes

VLA-6, a6p1 (CD49f/CD29)*  Laminin No

B2 family LFA-1, «LB2 (CD11a/CD18) ICAM-1, ICAM-2, ICAM-3 Yes

Mac-1, aMB2 (CD11b/CD18)  C3bi, ICAM-1, others Yes

p150,95, aXp2 (CD11c¢/CD18)  C3bi, fibrinogen, others Yes

B3 family alIbB3 (CD41/CD61) Fibrinogen, fibronectin, others No

avB3 (CD51/CD61)* Vitronectin, others No

Others abf4 (CD49f/CD104)* Laminin No

Act-1,* adp7 MAdCAM-1, VCAM-1, fibronectin Yes

HML-1,* «ER7t Unknown epithelial antigen No

Selectins L-selectin (CD62L) GlyCAM-1, CD34, MAdCAM-1 Yes

E-selectin (CD62E) Sialyl-Lewis,” others No

P-selectin (CD62P) Sialyl-Lewis,” others No

Immunoglobulin PECAM-1 (CD31) CD31, others Yes

gene superfamily ICAM-1 (CD54) LFA-1 Yes

ICAM-2 (CD102)* LFA-1 Yes

ICAM-3 (CD30)* LFA-1 Yes

Carbohydrates Lewis* (CD15) P-selectin Noi

Sialyl-Lewis* (CD15s) E- and P-selectin Yes

Sialyl-dimeric Lewis* E-selectin Yes

Includes data from references 12, 13, 25, 40, and Bochner et al. unpublished observations.
*Expression of these markers was examined using monoclonal antibodies provided by the Fifth International Conference on

Human Leukocyte Differentiation Antigens.®
+The oF subunit has been designated CD103.

tExpression can be detected after treatment of basophils with neuraminidase.” *

total amount of cell adhesion molecules or their
localization on the cell surface may be occurring
during these processes, it appears likely that swift
alterations in the affinity of cell adhesion mol-
ecules is involved in many of these events. For
example, leukocyte interaction with endothelial
adhesion molecules can lead to cell activation, a
process called “inside-out signaling.”"® In addi-
tion, studies from several laboratories have dem-
onstrated that rapid changes in the avidity of g1
and B2 integrins on leukocytes can occur as a
result of cell activation or by manipulating the
extracellular concentration of divalent cations."
For example, specific monoclonal antibodies can
be used to detect neoepitopes that become ex-
posed when conformational changes occur in as-
sociation with augmented integrin adhesiveness.
One such antibody, NKI-L.16, recognizes a calci-
um-sensitive epitope on CDl1la, the a chain of
leukocyte function—associated antigen 1 (LFA-1);

expression of this epitope is necessary for LFA-
1-mediated adhesion.** We have recently used
this antibody to examine the divalent cation sen-
sitivity of CD11a on human basophils. As shown
in Fig. 2, this epitope was most effectively dis-
played in the presence of 1 mmol/L calcium or
strontium, whereas manganese and magnesium
are less effective; this finding is similar to results
obtained with lymphocytes.”" In Fig. 3 it can be
seen that calcium concentrations as low as 100
nmol/LL are capable of inducing some expression
of the NKI-L16 epitope, expression of which is
optimal at 1 mmol/L calcium. In contrast, immu-
nofluorescent signals using another CD11a anti-
body, which can block LFA-1-mediated adhesion,
were unaffected by divalent cations (Figs. 2 and
3). Studies are in progress to determine whether
there is a correlation between cation conditions
for NKI-L16 binding and LFA-1-mediated adhe-
sion of basophils to substrates such as intercellu-
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FIG. 1. Effect of various stimuli on basophil expression of
selected surface markers. Aliquots of basophils were kept
at 4° C or incubated at 37° C for 30 minutes in the presence
or absence of polyclonal goat antihuman IgE (100 ng/ml),
Lol p 1 (100 ng/ml), or IL-3 (10 ng/ml). Cells were then
analyzed for expression of CD11a, CD11b, CD35, or hu-
man feukocyte antigen class | (as a control) as previously
described.*

lar adhesion molecule-1 (ICAM-1) and whether
basophil priming or stimulation will alter the
cation requirements for LFA-1 activation.

FUNCTION OF ADHESION MOLECULES ON
HUMAN BASOPHILS

It is now generally accepted that a series of steps
is necessary for leukocyte migration into tissues.’
Circulating cells undergo a process termed “roll-
ing” during which they attach loosely to the endo-
thelium. This “tethering” step probably involves
selectins and their carbohydrate counterligands.
For tight leukocyte adhesion to occur, leukocyte
activation, or “triggering,” is required, presumably
under the influence of chemoattractants. Subse-
quently, transendothelial migration (diapedesis)
occurs, during which time the leukocytes move
through the endothelial barrier and into the ex-
travascular space. These latter adhesion and mi-
gration events can be mediated by 1 and B2 inte-
grins and adhesion molecules belonging to the im-
munoglobulin family (e.g., ICAM-1, vascular cell
adhesion molecule-1 [VCAM-1], and platelet-
endothelial cell adhesion molecule-1). During firm
adhesion and transendothelial migration, changes
occur in both avidity and expression of integrins on
the leukocyte surface. Therefore the preferential
recruitment of a given cell type, such as a basophil,
is likely to be the net result of many adhesion-
dependent events, not the result of any one single
cell-specific chemoattractant or adhesion molecule
pathway.
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FIG. 2. Effect of divalent cations on basophil CD11a activa-
tion. Basophils were preincubated in buffers that contained
the indicated divalent cations (1 mmol/L) or ethylene di-
amine tetraacetic acid (5 mmol/L) for 30 minutes at 37° C,
then labeled for indirectimmuncfluorescence as previously
described® using two mouse antihuman CD11a monoclo-
nal antibodies: NKI-L16 (IgG2a, provided by Y. van Kooyk
and C. Figdor, The Netherlands Cancer Institute, Amster-
dam), recognizing an activation-dependent epitope®' or
MHM24 (IgG1, provided by J.E.K. Hildreth, Johns Hopkins
University, Baltimore, Md.), recognizing a non-activation-
dependent epitope.”? The average mean fluorescence in-
tensity using an irrelevant, isotype-matched control IgG1
antibody (background negative control) is shown as a doi-
ted line. Values represent mean = SEM from three sepa-
rate experiments.
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FIG. 3. Concentration-dependent activation of basophil
LFA-1 by calcium. The protocol was identical to that
outlined for Fig. 1. Values represent mean + SEM from
two to three separate experiments.
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TABLE Il. Effect of various stimuli on basophil adhesion to endothelial cells in vitro

Concentrations

Enhancement of

Stimulus tested adhesion Target of effect

Cytokines

IL-1 0.25-8 units/ml Yes Endothelium

IL-2 1-100 units/m] No

IL-3 0.1-3 ng/m!* Yes Basophil

IL-4 1-1000 units/ml Yes Endothelium

IL-5 0.1-100 units/ml No

IL-6 0.1-10 ng/ml No

GM-CSF 0.1-10 units/ml No

IFN-y 0.1-100 units/ml No

TNF-a 0.01-10 ng/ml Yes Endothelium

10-1000 ng/ml* Yes Basophil

Chemokines

IL-8 0.2-200 ng/ml No

Platelet factor 4 1-100 ng/ml No

B-thromboglobulin 1-100 ng/ml No

IP 10 1-100 ng/ml No

GRO 1-100 ng/ml No

MCP-1 (MCAF) 1-100 ng/ml No

RANTES 1-100 ng/ml No

MIP-1a 1-100 ng/ml No

MIP-1B 1-100 ng/ml No
Secretagogues and other stimuli

Anti-IgE 0.1-100 ng/mi* Yes Basophil

Allergen 0.1-100 ng/ml* Yes Basophil

FMLP 0.01-1 wmol/L* Yes Basophil

Platelet-activating factor 0.01-1 pmol/L* Yes Basophil

A23187 0.04-1 pg/ml* Yes Basophil

C5a 100 nmol/L* Yes Basophil

Phorbol diesters 0.3-30 ng/mi* Yes Basophil

0.3-30 ng/ml Yes Endothelium

Includes data from references 14, 22-24, 26, and Bochner et al. unpublished observations.
FMLP, N-formyl-methionyl-leucyl-phenylalanine; GM-CSE granulocyte-macrophage colony-stimulating factor; IFN-v, inter-

feron-y; TNF-q, tumor necrosis factor-a.

*Treatment of basophils leads to a rapid increase in surface expression of CD11b and a decrease in L-selectin expression; other

stimuli listed have no such effect.

Results of studies examining the adhesion of
basophils to cultured human vascular endothelial
cells have shown that adhesiveness of basophils
can be enhanced by a variety of stimuli. Several
chemotactic factors, the cytokine interleukin 3
(IL-3), and IgE-dependent secretagogues can di-
rectly stimulate divalent cation-dependent attach-
ment of basophils to endothelial monolayers in
vitro.'* *> # For both IL-3 and IgE-dependent
secretagogues, these effects are not seen with
neutrophils, and they occur at concentrations of
stimulus below the threshold required to induce
histamine release. Therefore exposure of circulat-
ing basophils to low levels of these agents in vivo
may contribute to their selective adhesion and re-

cruitment during certain inflammatory responses.

The endothelium also plays an active role dur-
ing the process of leukocyte adherence by ex-
pressing new or enhanced levels of adhesion mol-
ecules on its surface after being activated by
specific stimuli. For example, the cytokines IL-1
and tumor necrosis factor, as well as phorbol
diesters and bacterial endotoxin, will stimulate
cultured endothelial cells to express ICAM-1,
E-selectin, and VCAM-1, each of which are
ligands for basophils.”* ** * Like other granulo-
cytes, human basophils use sialylated surface mol-
ecules to interact with endothelial E-selectin, but
the expression of these sialylated Lewis” struc-
tures is unusual in that it is bimodal, which
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suggests that only a subset of basophils are ca-
pable of interacting with E-selectin.> Whether
this distinct distribution of Sialyl-Lewis"—contain-
ing structures influences basophil adhesion to
P-selectin has not yet been determined. ICAM-1
and E-selectin are ligands for all granulocytes,
and therefore no differences have been found
among granulocytes for binding to these mol-
ecules. In contrast, neutrophils, unlike basophils
and eosinophils, cannot adhere to the cytokine-
inducible endothelial cell adhesion molecule
VCAM-1 because they lack the counterreceptor
for VCAM-1, the integrin very late activation
antigen—4 (VLA-4) (a4B1, CD49d/CD29).>*> 1t is
not yet known whether these adhesion molecules
or others are responsible for basophil transendo-
thelial migration. Besides its interaction with
VCAM-1, VLA-4 can also be a ligand for the cell
attachment region (CS-1) of fibronectin®; it ap-
pears likely that basophils are therefore capable of
attaching to this extracellular matrix protein. In
addition, we have recently determined that baso-
phils express a4p7 (Act-1),” an alternative ligand
for VCAM-1 and fibronectin,* * as well as a newly
characterized molecule termed mucosal adres-
sin cell adhesion molecule-1 (MAdCAM-1) that
has structural homology to both VCAM-1 and
ICAM-1 and appears to be involved in lympho-
cyte homing to the gut mucosa.> ** This is intrigu-
ing in light of the longstanding interest in the role
of basophils in Crohn’s disease and parasite im-
munity in various animal models," ** and suggests
a possible role for the interaction of a4f7 with
MAAJCAM-1 in trafficking of basophils to the gut
during certain immune responses in vivo.

With respect to possible basophil-selective “trig-
gers” that may play a role in stimulating transen-
dothelial migration and chemotaxis, previous stud-
ies of basophil recruitment have identified a variety
of stimuli that are chemotactic for human baso-
phils, including C5a,* cytokines such as inter-
feron-y, 1L-3, and granulocyte-macrophage col-
ony-stimulating factor,>* ** and chemokines such
as RANTES, macrophage inflammatory protein
la (MIP-1a), monocyte chemotactic protein-1
(MCP-1), and MCP-3.>* *” With the exception of
IL-3" and possibly MCP-3, which has not been
tested, none of the cytokines or chemokines have
any direct effect on basophil adhesion molecule
expression or adhesion to endothelium in vitro
(Table II). These observations are similar to those
made with eosinophils, where RANTES was found
to have potent chemotactic activity and stimulate
transendothelial migration without having any di-
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rect effect on eosinophil adhesion molecule ex-
pression or adhesion to endothelium.® ** Future
studies of the effect of chemokines and other
stimuli on basophil transendothelial migration
should help to clarify the role of chemoattractants
in basophil recruitment responses.

CONCLUSIONS

Human basophils express a typical pattern of
cell adhesion molecules on their surface, includ-
ing certain selectins, integrins, Sialyl-Lewis*con-
taining carbohydrates, and those belonging to the
immunoglobulin adhesion molecule family. The
function of many of these molecules has now been
established in a variety of static in vitro adhesion
assays, yet their function under conditions of
shear stress, during transendothelial migration,
during interaction with extracellular matrix pro-
teins, or in vivo remain unexplored. Defining the
role(s) of known adhesion molecules on both
basophils and endothelial cells is imperative if we
are to learn how these leukocytes are recruited to
the skin and airways of persons with allergic
diseases. With this information, it may be possible
to selectively block basophil influx and allergic
inflammation in vivo.
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