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Eosinophil Tethering to Interleukin-4—Activated Endothelial Cells Requires
Both P-Selectin and Vascular Cell Adhesion Molecule-1

By Kamala D. Patel

We examined the mechanisms used by eosinophils to tether
and accumulate on interleukin-4 (IL-4)-stimulated human
umbilical vein endothelial cells (HUVECs) under flow condi-
tions. As previously reported, HUVECs treated for 24 hours
with 20 ng/mL IL-4 had increased expression of P-selectin
and vascular cell adhesion molecule-1 (VCAM-1) but not
E-selectin. We found that eosinophils tethered and rolled on
IL-4-stimulated HUVECs at physiologic shear stresses. Eo-
sinophil rolling was quickly followed by firm adhesion.
Treatment with either an anti-P-selectin monoclonal anti-
body (MoAb) or an anti-VCAM-1 MoAb decreased both
eosinophil tethering and accumulation at 2 dyn/cm?2. VCAM-1
interacts with a4-integrins expressed on eosinophils. We

found that an anti-a4-integrin MoAb also blocked eosinophil
tethering and accumulation at 2 dyn/cm2. None of these
MoADbs alone had an impact on eosinophil accumulation at
lower shear stresses, but when either an anti-VCAM-1 or an
anti-a4-integrin MoAb was used in combination with an
anti-P-selectin MoADb, all eosinophil tethering and accumula-
tion on IL-4-stimulated HUVECs were blocked. This was true
at both high and low shear stresses. These data show that
both P-selectin and VCAM-1 are required to tether eosino-
phils at high shear stresses, but at low shear stresses these
adhesion proteins can act independently to recruit eosino-
phils to IL-4-stimulated HUVECs.

© 1998 by The American Society of Hematology.

OSINOPHILS REPRESENT a minor fraction of circulat- selectin is much better at mediating eosinophil recruitment than
ing leukocytes; however, they are a major component ofE-selectin both in vivé? and in vitro©
the cellular infiltrate found in allergic diseases such as bronchial The a4-integrins &4B1 and/or «4B7) can also support
asthmal? allergic rhinitis, and atopic dermatit;sEosinophil  leukocyte tethering and rolling by interacting with their ligands
cytotoxic mediators are believed to participate in epithelial cellvascular cell adhesion molecule-1 (VCAM-1) and mucosal
shedding, mucous hypersecretion, microvascular leakage, aratidressin cell adhesion molecule-1 (MadCAMS3Y Al-
smooth muscle contraction associated with bronchiolar asthmathough a4-integrins can participate in primary tethering to
Because of the central role eosinophils play in these eventsy CAM-1, several studies have demonstrated that leukocyte
investigators are now trying to understand the molecularsubclasses interact differently with VCAM-d4-integrinson T
mechanisms responsible for selective recruitment of eosinoeells participate in both initial tethering and rolling on VCAM-
phils into sites of allergic inflammation (reviewed by Ward- 13-15whereasx4-integrins on monocytes do not participate in
lawP). Because eosinophils must exit the vasculature andnitial tethering but instead act to stabilize rolling adhesions and
migrate into tissue to exert their effects, recent studies havasupport firm adhesio#f. Cytokines can also alter leukocyte
focused on the adhesive interactions between vascular endotheweractions with VCAM-1. VCAM-1 expressed on interleu-
lial cells and eosinophils. kin-1 (IL-1)- or IL-4—stimulated human umbilical vein endothe-
Leukocyte tissue infiltration is a multistep process that islial cells (HUVECs) support T-cell rolling, but VCAM-1
initiated by leukocyte tethering and rolling along activated expressed on HUVECSs stimulated with both IL-1 and IL-4 does
endothelium under flow conditioffd. Leukocyte tethering and  not support T-cell rolling” Thus, the role that VCAM-1 plays
rolling is mediated predominately through the selectin family of in selective recruitment of eosinophils will depend not only on
adhesion protein%.Selectin expression is restricted to the expression and activation ef4-integrins on eosinophils, but
vasculature, with L-selectin expressed on most circulatingalso on the mechanism of endothelial cell activation. Finally,
leukocytes, E-selectin expressed on cytokine-activated endothesome studies suggest that shear forces will also govern leuko-
lial cells, and P-selectin expressed on both activated endotheliayte—VCAM-1 interaction$3.14.18
cells and platelet¥ Eosinophils can use all of the selectins to  This study examines the interactions of eosinophils with
form attachments under shear condit®®i§ however, P- HUVECs stimulated for 24 hours with IL-4, a cytokine
purported to play a critical role in eosinophil recruitment in
allergic inflammatiort? We show that eosinophils tether and
adhere to IL-4—stimulated HUVECs under shear conditions.
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Eagle’s medium (DMEM), and Media 199 (M199) were from GIBCO RESULTS
BRL, Life Technologies (Grand Island, NY). Thirty-five—millimeter

dishes were from Corning (Corning, NY) and all other plasticware was . . .
L 9 ( NiNg ) P . “shear conditions. We found that eosinophils accumulated on
from Becton Dickinson (Franklin Lakes, NJ). Human serum albumin

(HSA) was from Immuno US (Rochester, Ml). Enhanced chemilumines-”“,4_StImUIalted HUVECs at shear stresses as high a_s 4 d?n{cm
cence reagents were from Amersham (Buckinghamshire, UK). Hista{Fid 16); however, beca.use there were many mQre Interactloins
mine was from Sigma (St Louis, MO). All other chemicals were from OCCUITINg at 2 dyn/cf) this shear stress was the highest used in
BDH, Inc (Toronto, Ontario, Canada). later experiments. Unlike eosinophil rolling on purified E-
The antihuman P-selectin monoclonal antibodies (MoAbs) S12 andselectin or P-selectitf, most eosinophils rolled for less than 1
G1 (both 1gGlx) were prepared and characterized as descAb&d. cell diameter before becoming firmly adherent (Fig 1B). Thus,
G1, but not S12, blocks binding of P-selectin to leukocyteShe  eosinophils do not participate in rolling interactions on IL-4—
blocking antihuman E-selectin MoAbs ES1 (Ig&)Lwas prepared and  stimulated HUVECS, but instead become firmly adherent. Over
characterized as describ&dlhe blocking antihuman VCAM-1 MoAb a penod of rnlnu*tes7 these eos|n0ph|ls become ac“vated’
1.G11B1 (IgG1l), the antihumas4-integrin MoAb H2/1 (IgG1), and
the antihumar2-integrin MoAb (IgG2b) were purchased from Serotec
(Oxford, UK). Anti-CD16 MoAb conjugated to paramagnetic beads A 600
was purchased from Miltenyi (Auburn, CA).
Cell culture and isolation. HUVECSs were isolated from individual 500+
umbilical cords and grown in M199 with 20% human serum as primary

Eosinophils accumulate on IL-4—stimulated HUVECs under

—&— Control

cultures in either 35-mm dishes or in 48-well plates, as descfbed. o 400- —O— IL-4
Only monolayers of primary cultures that were tightly confluent were &

used for these studies. Granulocytes were isolated from normal huma & 3

donors by dextran sedimentation, hypotonic lysis, and density centrifu: Z 300

gation on lymphoprep 1077, as descriBé&osinophils were isolated 8

from granulocytes by negative selection with CD16 microbeads usinc 200+

the Magnetic Cell Separation System (MACS), as describé&sino-
phils were greater than 94% pure as assessed by Kimura staining and/ 100

Wright-Geimsa staining. L cells stably expressing human VCAM-1
were kindly provided by Dr John Elliott (University of Alberta, 0- .\p\.____*; :
Edmonton, Alberta, Canada) and were maintained in DMEM with 10% ‘ 1 '
fetal calf serum (FCS), as describ&d. 0 1 2 3 4
Adhesion under flow conditions Fluid shear stresses present in the -
P Wall Shear Stress (dyn/cm”)

microvasculature were simulated in a dual chamber parallel-plate flow
chamber, as previously describ®#®Confluent monolayers of primary

HUVECSs were treated with 20 ng/mL of IL-4 in M199 with 0.5% HSA B 700
(M199/A) for 24 hours and then washed once with HBSS. In other
experiments, L cells stably transfected with human VCAM-1 were 600+

B Accumulated

grown to confluence and used in the flow chamber. Eosinophils (5 @ Adherent
10°/mL) in HBSS/0.5% HSA (HBSS/A) were perfused through the 500 .
chamber at the desired wall shear stresses. Eosinophil accumulation w. D Rolling

determined after 4 minutes of rolling. These interactions were visual-~
ized with a X10 objective using phase-contrast video microscopy.
Interactions were quantified using a computer imaging system (NIH
Image, Bethesda, MD). The number of adherent or rolling leukocytes
was measured by digitizing six random image frames per condition.
Tethering events were determined using frame-by-frame analysit 200
during the first 60 seconds of perfusion, as descriféhly cells that
directly tethered to the surface (primary tethers) were counted. All
experiments were performed at 37°C, unless otherwise indicated. I
certain experiments, eosinophils or HUVECs were preincubated for 1(
minutes with the specified MoAb and rolling was assayed in the 0
continued presence of the MoAb. 2

Determination of adhesion protein expressiorsurface expression
of adhesion proteins on control and IL-4—stimulated HUVECs was Wall Shear Stress (dym’cmz}
determined using a modified enzyme-linked immunosorbent assay
(ELISA), as describeé® Total protein expression in control and Fig 1. Eosinophil accumulation on IL-4-stimulated HUVECs. Con-

IL-4—stimulated HUVECs was determined by Western blotting, as fluent monolayers of primary HUVECs were washed once with HBSS
described” and then stimulated with either M199/A alone (control) or M199/A

. : . containing 20 ng/mL IL-4 (IL-4). After 24 hours at 37°C, the monolay-
Statistics. All experiments were performed at least three times and ors were washed with HBSS and assembled in the flow chamber.

the .da.ta ar(.e presented as the mear.l and SEM of those rePIIcatel§uriﬁed eosinophils (5 x 105/mL) were perfused over the monolayers
Statistical differences between experimental groups were evaluateg: the specified shear stresses and eosinophil accumulation (A),
using the unpaired Studentigest. P values= .05 were considered rolling, and adhesion (B) were determined. The data represent the
significant. mean and SEM of at least three independent experiments. *P < .05.
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Fig 2. Eosinophils bound to IL-4-stimulated
HUVECSs. Eosinophils were perfused over (A) control
or (B) IL-4-stimulated HUVECs as described in Fig 1.
After attachment under shear conditions, video im-
ages were obtained using a x40 objective. These
images were captured as described in Materials and
Methods and photographs were made. Eosinophils
bound to control HUVECs (A) remain phase-bright,
whereas eosinophils bound to IL-4-stimulated
HUVECSs (B) change shape and spread on the mono-
layer.

changing shape and spreading on the endothelial cell monolayéevels of P-selectin present on the surface of IL-4—stimulated
(Fig 2A and B). These data demonstrate that IL-4—stimulatedHUVECs were sufficient to participate in eosinophil recruit-
HUVECSs can tether, bind, and activate eosinophils under sheament. We found that blocking P-selectin significantly inhibited
conditions. eosinophil tethering (Fig 3A). This inhibition of tethering
P-selectin mediates eosinophil tethering to IL-4—stimulatedtranslated to a 65% reduction in accumulation (Fig 3B). A
HUVECs at high shear stresseslL-4—stimulated HUVECs  nonblocking P-selectin MoAb had no effect on either tethering
have increased expression of P-selectin, both intracellularly an¢Fig 3A) or accumulation (Fig 3B). As we decreased the shear
on the cell surface (Yao etZland data not shown). Further stress below physiological levels, eosinophils began to accumu-
treatment of these endothelial cells with histamine dramaticallylate on these HUVECSs in a P-selectin—independent manner (Fig
increases the surface expression of P-selectin and eosinopl8B). Thus, P-selectin participates in tethering and rolling of
attachment (Yao et #land data not shown); however, because eosinophils at high shear stresses, but other mechanisms are
eosinophils bind to P-selectin at very low site densitfesge sufficient to mediate these interactions at lower shear stresses.
chose to explore the role of P-selectin on IL-4-activated VCAM-1 andx4-integrins participate in eosinophil tethering
endothelial cells in the absence of histamine in these experiand accumulation on IL-4—stimulated HUVECsVCAM-1
ments. We treated IL-4—stimulated HUVECs with a blocking expressed on L cells is capable of mediating tethering, rolling,
MoAb directed against P-selectin to determine if the elevatedand adhesion of eosinophils under shear conditions (Fig 4A and
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Fig 3. P-selectin participates in eosinophil accumulation and teth-
ering to IL-4-stimulated HUVECs. Monolayers of HUVECs were
treated as described in Fig 1. Before assembly of the flow chamber,
HUVECs were treated for 10 minutes at 37°C with HBSS/A alone or
HBSS/A containing 5 pg/mL of either a nonblocking (S12) or blocking
(G1) MoAb directed against P-selectin. The flow chamber was as-
sembled and eosinophils also containing the specified MoAb were
perfused through the chamber. (A) Tethering of eosinophils was
determined at 2 dyn/cm?, as described in Materials and Methods. (B)
Accumulation of eosinophils was determined at the specified wall
shear stresses as described in Materials and Methods. The data
represent the mean and SEM of at least three independent experi-
ments. *P < .05; **P = .0001.

B). These interactions only occurred at shear stresses less thar
dyn/cn® (Fig 4A). Almost half of the eosinophils that tethered
to VCAM-1 also participated in rolling interactions on this

3907

to decreased eosinophil accumulation on IL-4—stimulated
HUVECS at 2 dyn/cri(Fig 5B). As with P-selectin, as the shear

stress was decreased below physiological shear, the ability of
these antibodies alone to block accumulation also diminished

(Fig 5B). Taken together, these data show that VCAMA4L/

integrins can mediate eosinophil tethering and accumulation
under shear conditions both in a purified system and in the
context of IL-4—stimulated HUVECSs. Strikingly, VCAM-1 and

ad-integrins can mediate significant tethering at 2 dyr/can
value above any described for other leukocytes.

P-selectin, VCAM-1, and4-integrins act together to recruit
eosinophils to IL-4—stimulated HUVECsWe next determined

if P-selectin and VCAM-1d4-integrins were acting together to

A 200
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adhesion protein (Fig 4B). We found that an antibody directed

against thea4-integrins was able to completely block these

interactions (Fig 4A), confirming that4-integrins on eosino-
phils interact with VCAM-1 under shear conditions.
To determine if VCAM-1 ora4-integrins were participating

Fig 4. Eosinophils tether and roll on VCAM-1-transfected L cells.
Confluent monolayers of nontransfected and VCAM-1-transfected L
cells were washed once with HBSS and then placed in flow assembly.
Eosinophils (5 x 105/mL) were perfused over these cells at the
specified wall shear stresses. (A) Accumulation, (B) rolling, and

in eosinophil tethering and accumulation on IL-4—stimulated adherence were determined as described in Materials and Methods.

HUVECSs, we used MoAbs to block these adhesion proteins

In some experiments, eosinophils were pretreated for 10 minutes at
37°C with 2 pg/mL of H2/1, an anti-a4-integrin MoAb, before

Surprisingly, these MoAbs dramatically decreased eosinophiberfusion over VCAM-1-transfected cells. The data represent the

tethering at 2 dyn/ci(Fig 5A). This inhibition of tethering led

mean and SEM of at least three independent experiments.
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Fig5. VCAM-1 and a4-integrins participate in eosinophil accumu-
lation and tethering to IL-4-stimulated HUVECs. Monolayers of
HUVECs were treated as described in Fig 1. Before assembly of the
flow chamber, HUVECs were treated for 10 minutes at 37°C with
HBSS/A alone or HBSS/A containing 5 pg/mL of 1.G11B1, an MoAb
directed against VCAM-1. Alternatively, eosinophils were pretreated
10 minutes at 37°C with 2 pg/mL of H2/1, an anti-a4-integrin MoADb,
before perfusion over IL-4-stimulated HUVECs. The flow chamber
was assembled and eosinophils also containing the specified MoAb
were perfused through the chamber. (A) Tethering of eosinophils was
determined at 2 dyn/cm?, as described in Materials and Methods. (B)
Accumulation of eosinophils was determined at the specified wall
shear stresses as described in Materials and Methods. The data
represent the mean and SEM of at least three independent experi-
ments. *P < .05; **P = .0001.

optimally recruit eosinophils to IL-4—stimulated HUVECSs. In

these experiments, MoAbs directed against P-selectin, VCAM-1.

and a4-integrins were used alone or in combination and
eosinophil tethering and accumulation on IL-4—stimulated
HUVECs were determined. We found that blockade of
P-selectin and either VCAM-1 ond4-integrins completely
blocked eosinophil tethering at 2 dyn/eiirig 6). Inhibition of
tethering lead to ablation of accumulation at 2 dyridiig
7A). As the shear was lowered, either P-selectin or VCAM41/

KAMALA D. PATEL

that P-selectin and VCAM-1 expressed on the surface of
IL-4—stimulated HUVECS act in concert to recruit eosinophils
under shear conditions, in part through interactions with
a4d-integrins on eosinophils.

a-4-integrins  and B2-integrins both participate in firm
adhesion of eosinophils to IL-4—stimulated endothelial cells.
As stated earlier, eosinophils do not roll on IL-4-stimulated
endothelial cells; instead, they immediately arrest and eventu-
ally activate and spread on the endothelial cell monolayer (Figs
1B and 2). In all of the experiments performed in this study
using P-selectin, VCAM-1, and4-integrin MoAbs either alone
or in concert, all the cells remaining on the endothelial cell
surface were firmly adherent, not participating in rolling
adhesion (Table 1). This suggested that another adhesive
mechanism was participating in the firm adhesion of eosino-
phils to IL-4—stimulated endothelial cells. Like other leuko-
cytes, eosinophils havp2-integrins on their surface. When
activated 32-integrins can interact with ICAM-1 on the surface
of endothelial cells supporting firm adhesion. We treated
eosinophils with an ant2-integrin MoAb to evaluate the role
of this adhesion molecule in eosinophil firm adhesion in this
system. We found that an an@i2-integrin MoAb alone had no
effect on either accumulation (data not shown) or firm adhesion
(Table 1). When we used this MoAb together with an anti—P-
selectin MoAb, we found no further effect on accumulation
(data not shown) or firm adhesion (Table 1). However, when an
anti32-integrin MoAb was used with an anti4-integrin
MoADb, the percentage of firmly adherent cells decreased
dramatically (Table 1). Instead, eosinophils were participating
in rolling interactions similar to those observed during eosino-
phil interactions with purified P-selectin. These data suggest

Antibody:
None 3oq—

Non-blocking P-selectinﬁ G ] t
Blocking P-selectin“E-——l %
VCAMA 7273
alpha-4_m—| *
P-selectin + VCAM-I_%—l *x

P-selectin + alpha-4 [ZH
All [ s

Tethers/mm?/min

Fig 6. P-selectin, VCAM-1, and a4-integrins together mediate
eosinophil tethering on IL-4-stimulated HUVECs. Monolayers of
HUVECs were treated as described in Fig 1. Before assembly of the
flow chamber, HUVECs were treated for 10 minutes at 37°C with
HBSS/A alone; HBSS/A containing 5 pg/mL of 1.G11B1, an MoAb
directed against VCAM-1; 5 pg/mL of either a nonblocking (S12) or
blocking (G1) MoAb directed against P-selectin; or 5 pmg/mL of both
anti-VCAM-1 and G1 MoAbs. In some experiments, eosinophils were

integrins could independently recruit eosinophils; however,aiso pretreated for 10 minutes at 37°C with 2 pg/mL of H2/1, an

inhibition of both of the adhesive pathways abolished accumulaanti-e4-integrin MoAb, before perfusion over IL-4-stimulated HU-

tion at low shears as well (Fig 7B). Using a P-selectin MoAb in VECs. The flow chamber was assembled and eosinophils also contain-

. . . . . . ing the specified MoAbs were perfused through the chamber. Tether-
conjunction with either a VCAM-1 MoAb or am4-integrin . : . i Lo

. i ing of eosinophils was determined at 2 dyn/cm?, as described in

MoAb was nearly as effective as using all three MoAbs togethehyaterials and Methods. The data represent the mean and SEM of at

(Figs 6 and 7A and B). Taken together, these data demonstrateast three independent experiments. *P < .05; **P < .01.
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P-selectin, VCAM-1, and a4-integrins together mediate

eosinophil accumulation on IL-4-stimulated HUVECs. These experi-
ments were performed exactly as described in Fig 6. Accumulation of
eosinophils was determined at (A) 2 dyn/cm? and (B) 1 dyn/cm?, as
described in Materials and methods. The data represent the mean
and SEM of at least three independent experiments. *P < .05; **P <
.0001; TP = .001 with respect to P-selectin MoAb alone.

that botha4- and B2-integrins act together to firmly adhere

eosinophils to IL-4—stimulated endothelial cells.

Eosinophils may represent a minor fraction of the circulating
leukocytes; however, they are a major component of the cellular
infiltrate found in diseases such as atopic dermatitis, allergic
rhinitis, and bronchial asthm&? Selective infiltration of these
cells may be achieved at several levels, including the initial
interaction between eosinophils and activated endothelium at

DISCUSSION

sites of allergic inflammation.

We examined eosinophil accumulation on IL-4—stimulated
HUVECSs, because IL-4 has been shown to be an important
cytokine in allergic inflammatio&? We found that HUVECs

3909

IL-4—stimulated HUVECS in the presence of an anti—P-selectin
MoAD. These data suggested that another adhesion protein was
mediating eosinophil tethering to these endothelial cells.

Although the selectins mediate leukocyte recruitment under
shear conditions both in vitro and in vi¥dhere are now several
in vivo models of leukocyte recruitment in which selectin
blockade does not prevent leukocyte recruitment and tissue
infiltration. Sriramarao et &3'showed that inhibition of either
L-selectin ora4-integrins blocked eosinophil infiltration into
the rabbit mesentery after IL-1 stimulation, suggesting a role for
the ad-integrins in eosinophil recruitment in this model.
Johnston et & went on to show that4-integrins could mediate
both rolling and adhesion in chronically inflamed rat mesentery
and that rolling could occur independent of selectins. These data
suggest that, under some conditions, leukocyte recruitment can
occur independent of selectins.

ad-integrins can mediate leukocyte tethering to purified
VCAM-1.1315 T cells'®15 and eosinophil$ tether to purified
VCAM-1 at shear stresses between 0.5 and 1 dy#/but, as
the shear stress is increased to 2 dy@&/dew cells tether and
accumulate on VCAM-1. In contrast, monocytes expressing
ad-integrins do not tether to VCAM-1 at either high or low
shear stressé8.To date, VCAM-1 expressed on cytokine-
activated HUVECs has not been shown to participate in
tethering of peripheral blood leukocyt¥s'8.33.34glthough data
using lymphocyte cell lines suggest that the VCAM-1 expressed
is capable of mediating attachment in the absence of a
selectin” Instead, data suggest that VCAM-1 acts to stabilize
the adhesion of both peripheral blood T cells and monocytes
after these cells have been tethered by a selectin.

We first examined the ability of freshly isolated eosinophils
to interact with VCAM-1 transfectants and found that eosino-
phils tethered and accumulated at low shear stresses in a manner
similar to T cells. At increased site densities, VCAM-1 may be
able to mediate eosinophil tethering at higher shear stresses;
however, we only examined eosinophil interactions at a single
site density. We then addressed the role of VCAM4L/
integrins interactions in eosinophil recruitment on IL-4—

Table 1. The Effect of MoAbs on Eosinophil Interactions With
IL-4- Stimulated HUVECs

Antibody % Adherent
None 97.8 £2.2
P-selectin 979*14
a-4-integrin 96.2 +2.4
B2-integrin 98.1 + 0.6
P-selectin + a4-integrin 976 £ 1.1
P-selectin + B2 integrins 976 + 1.1
ad-integrin + B2-integrin 20.7 £15.9

stimulated 24 hours with I1L-4 tethered and accumulated eosino- HUVECs were stimulated with IL-4 as described in Fig 1. Before assem-
phils at shear stresses as high as 4 dyd/(Rg 1A). At 2
dyn/cn?, this response was quite robust. We initially hypoth- HBSS/A alone or HBSS/A containing 5 pg/mL of G1, an MoAb directed

esized that tethering at 2 dyn/éwas due exclusively to the

expression of P-selectin on IL-4—activated endothelial cells,
because low site densities of P-selectin have been shown td
support eosinophil rolling® Yet, when we used an antibody

bly of the flow chamber, HUVECs were treated for 10 minutes at 37°C with

against P-selectin. In some experiments, eosinophils were also pretreated
10 minutes at 37°C with either 2 pg/mL of H2/1, an anti-a4-integrin MoAb; 5
/mL of an anti-B2-integrin MoAb; or both antibodies before perfusion
over IL-4-stimulated HUVECs. To determine the percentage of rolling and
adherent cells, images were captured 5 seconds apart and the cells that

directed againSt P-selectin, there was still residual tethering 0@vere stationary during that time were considered adherent. Cells that

eosinophils at 2 dyn/ctn(Fig 3A). As a result of this residual

moved at least 1 cell diameter were considered rolling. The data represent

tethering, some eosinophils were still able to accumulate Orhe mean + SD of at least two experiments.
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stimulated HUVECSs. In contrast to other leukocytes, we foundnisms of eosinophil trafficking in vivo where vascular flow can
that eosinophils tethered to VCAM-1 expressed on IL-4—regulate the efficacy of interactions. MoAbs directed against
activated HUVECS, and this tethering was occurring at physi-both the selectins and VCAM-d4-integrins may be required to
ologic shear stresses. prevent eosinophil recruitment at lower shear stresses, whereas
P-selectin and VCAM-X4-integrins work cooperatively to in faster flowing vessels, blocking the selectins would be
optimize eosinophil interactions at physiologic shear stressessufficient to inhibit recruitment. This is the first time that
because MoAbs directed against either VCAM-1 @4- endothelial VCAM-1, through interactions witk4-integrins,
integrins used together with an anti—P-selectin MoAb blockedhas been shown to support significant tethering of eosinophils at
all eosinophil tethering and accumulation on IL-4—stimulatedshear stresses greater than 1 dyr/cFhus, these experiments
HUVECSs. As the shear stress was lowered, P-selectin anthay shed some light on the mechanisms used for the selective
VCAM-1 acted independently to recruit eosinophils. This accumulation of eosinophils at sites of allergic inflammation.
difference in adhesion molecule use is likely due to the forces
exerted on the flowing eosinophil at high versus low shear ACKNOWLEDGMENT
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stresses is sufficient to impair eosinophil tethering and accumugenerous gifts of reagents; Dr Paul Kubes for critical reading of this
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