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L-selectin interacting with inducible endothelial
counterreceptors mediates in part the initial ad-
hesive interactions, termed roUing, between cir-
culating blood leukocytes and vascular endothe-
lium While blockade of L-selectin function in in
vivo models of inflammation reduces both neu-
trophil and lymphocyte influx at early times,
little is known concerning the role of L-selectin
in leukocyte recruitment at later times (>24
hours). Using an in vivo murine model of ex-
perimentaly induced inflammation of the peri-
toneum, the role of L-selectin in recruitment of
mononuclear leukocytes to chronic sites of in-
flammation (48 hours) was investigated. Satu-
rating levels offunction blocking anti-L-selectin
monoclonal antibody (MEL-14) or control rat
IgG were maintained for 48 hours using surgi-
caly implanted miniosmotic pumps; this treat-
ment did not alter the circulating leukocyte cell
count or differentiaL In animals receiving
MEL-14 monoclonal antibody (MAb), macro-
pbage and lymphocyte accumulation in re-
sponse to thioglycollate was reduced by 60%
(P . 0.0002) and >90% (P < 0.001), respectively,
at 48 hours as compared with animals im-
planted with pumps containing saline. Similarly,
MEL-14 MAb dramaticaly inhibited granulocyte
influx by 80% (P < 0.03) at 6 hours; recruitment
at 24 and 48 hours was reduced by 509% In con-
trast, the effects ofpurified rat IgG was not sig-
nificantly differentfrom saline. Our results sug-
gest L-selectin, interacting with its inducible
endothelial counterreceptor(s), plays an impor-
tant role in circulating mononuclear leukocyte
extravasation at sites of inflammationm (Am J
Pathol 1994, 145:461-469)

L-selectin (murine lymphocyte homing receptor or
MEL-14 antigen),1-5 a member of the selectin gene
family, is constitutively expressed on circulating neu-
trophils, eosinophils, basophils, monocytes, and
most B and T lymphocytes (reviewed in ref. 5). The
N-terminal region of L-selectin contains a C-type lec-
tin binding domain that is involved in lymphocyte re-
circulation in peripheral blood lymph node tissues via
attachment to histologically distinctive postcapillary
venules, termed high endothelial venules (HEV) in
vivo and in vitro1' 6 and in blood neutrophil, lympho-
cyte, and monocyte adhesion to cytokine-activated
endothelium in vitro.610 Recent studies have shown
that L-selectin in part mediates the initial adhesive
interaction, termed "rolling," between circulating
blood neutrophils and monocytes and the "acti-
vated" peripheral vascular endothelium in vivo or
under defined flow conditions in vitro.7-9'11-13 Thus,
L-selectin interacting with its endothelial counter-
receptors(s)7'10'14-16 may regulate initial leukocyte-
endothelial interactions at sites of inflammation.

Inhibition of L-selectin function by function block-
ing monoclonal antibody (MAb) MEL-146,17,18 or by
soluble chimeric receptor molecules17 greatly re-
duces neutrophil recruitment into the inflamed peri-
toneum. However, these studies examined neutro-
phil influx at early time points of inflammation (2-4
hours) but not at later times. In addition, although
L-selectin mediates monocyte rolling and adhesion
to IL-4-activated endothelial monolayers under flow
conditions in vitro (F. W. Luscinskas, G. S. Kansas,
H. Ding, B. E. Schleiffenbaum, T. F. Tedder, and M.
A. Gimbrone, J Cell Biol, in press), a detailed analy-
sis of the role of L-selectin in recruitment of mono-
nuclear leukocytes (lymphocytes and monocytes) to
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sites of inflammation at later time points of inflam-
mation (.24 hours) has yet to be undertaken. In the
present study, an in vivo model of experimentally in-
duced inflammation and a function blocking MAb to
L-selectin were used to investigate the role of the
L-selectin adhesion pathway in recruitment of circu-
lating lymphocytes, monocytes, and granulocytes to
sites of chronic (up to 48 hours) inflammation. The
results suggest that L-selectin, interacting with its
inducible endothelial counterreceptors, plays an im-
portant role in the influx of circulating leukocytes in
chronic inflammation.

Materials and Methods

Animals

Eight- to 10-week-old C57BL/6J female mice were
obtained from Jackson Laboratory, Bar Harbor,
ME. Swiss nude mice were obtained from Taconic,
Georgetown, NY. Mice were housed in a virus
antibody-free facility. Animals used in these studies
were maintained in accordance with the guidelines of
the Committee on Animals of the Harvard Medical
School and those prepared by the Committee on Care
and Use of Laboratory Animals of the Institute of
Laboratory Animal Resources, National Research
Council.

Buffers and Materials

Thioglycollate solution (4% w/v; Difco, Detroit, MI)
was prepared as detailed by the manufacturer.
DMEM and RPMI 1640 for culture of hybridoma cells
lines were purchased from Whittaker Bioproducts
(Walkersville, MD). Lactated Ringer's solution for irri-
gation was purchased from Baxter Healthcare (Deer-
field, IL). FCS was obtained from HyClone (Orem,
UT). All other chemicals and reagents were of the
highest grade available from Baker Chemicals.

Antibodies

MEL-14 (rat IgG2a; clone HB 132, American Type
Culture Collection, Rockville, MD) is a function-
blocking MAb directed to murine L-selectin.1 MAb
M18/2.a (rat IgG2a) is a non-function-blocking MAb
that recognizes CD18 (ATCC clone TIB 218).19 MAb
RB6-8C5 (rat IgG2b) recognizes the murine granu-
locyte series of myeloid cells and was the gift of Dr.
Coffman (DNAX, Palo Alto, CA).20 MAb 29B (rat IgG 1)
is directed to mouse CD3.21 MAb 6B2 (rat IgGl) rec-
ognizes murine CD45RO and is a marker of B lym-

phocytes.22 Purified rat IgG was purchased from
Caltag (S. San Francisco, CA). MEL-14 ascites was
produced by injection of the hybridoma cell line into
Swiss nude mice. MEL-14 MAb IgG was purified from
ascites fluid by ammonium sulfate precipitation and
immobilized protein G column chromatography
(Pierce, Rockford, IL). F(ab')2 fragments of MEL-14
MAb were prepared from pure IgG as previously de-
tailed.23 In brief, purified IgG was sequentially dia-
lyzed against 100 mmol/L sodium formate buffer, pH
2.8, and 100 mmol/L sodium acetate buffer, pH 4.5.
Dialyzed MEL-14 IgG was then digested with 1%
(w/v) pepsin (Sigma Chemical Co., St. Louis, MO) in
0.1 mol/L sodium acetate buffer, pH 4.5, for 6 hours
at 37 C. Purity (-90%) of IgG and F(ab')2 was as-
sessed on 10% reducing and nonreducing SDS-
PAGE. For use in Alzet miniosmotic pumps, purified
MEL-14 IgG or rat IgG were concentrated to 33 mg/ml
by centrifugation on Centricon 30 membranes (Ami-
con Inc., Beverly, MA). Levels of endotoxin were <10
pg/ml as determined in a Limulus amoebocyte lysate
kit (sensitivity, 0.5 EU/ml; Cape Cod Associates,
Woods Hole, MA). MAb used in indirect immunofluo-
rescence analyses (MAbs RB6-8C5, 29B, and 6B2)
were precipitated from spent hybridoma culture su-
pernatant or ascites (MEL-14 and M18/2) by ammo-
nium sulfate and purified by ion-exchange chroma-
tography on Bakerbond ABx beads (Baker Inc.,
Phillipsburg, NJ) according to manufacturer's instruc-
tions. MAb (purified IgG) were labeled with FITC24 or
biotin (Sigma).25

MAb Inhibition in Vivo

Alzet miniosmotic pumps (model 1003D; Alza Corp.,
Palo Alto, CA) were loaded with MAb or saline ac-
cording to the manufacturer's instructions. The overall
dimensions of assembled pumps were 1.7 x 0.6 cm.
Pumps containing MAb or saline were implanted into
a pocket created by blunt dissection in the subcuta-
neous space on the dorsal side of anesthetized mice.
Surgery required 5 to 10 minutes. The pump capacity
is 90 ± 4.0 p1 and its nominal pumping rate is 1.1 +

0.05 pl/h. Based on this flow rate and 3 mg of affinity-
purified MEL-14 or purified rat IgG in 90 pl, the cal-
culated release rate of MAb is 36 pg/h. To insure that
adequate blood levels of MAb were achieved during
the time period before the pumps were active, a
single bolus (0.4 mg) of appropriate MAb was in-
jected in the tail vein immediately after surgery. For
MEL-14 MAb, this quantity saturated antigen (Ag) on
leukocytes for at least 4 hours (see Results, Table 1).



L-Selectin and Leukocyte Recruitment in Vivo 463
AJP August 1994, Vol. 145, No. 2

Table 1. MEL-14 MAb Binding to Circulating Blood Leukocytes

Time Mean Channel Fluorescencet
Treatments* (hours) n Lymphocytes Monocytes Granulocytes

Saline 4 3 37 ± 3 57 ± 2 35 ± 1
MEL-14 IgG 4 3 111 ±4 139± 7 116± 7
MEL-14 IgG 6 2 39 ± 1 60 ± 2 56 ± 1
MEL-14 F(ab')2 4 2 107 ± 2 129 ± 2 114 ± 7
Ex vivo FITC-MEL-14t 2 106 ± 1 109 ± 23 117 ± 6

Treatments were intravenous bolus injections of various preparations of purified MEL-14 MAb or saline as detailed in Materials and Meth-
ods.

t MEL-14 MAb binding was detected by incubation of whole blood samples with FITC-labeled goat anti-rat IgG as detailed in Materials
and Methods.

t Whole blood from control mice (received no pumps or intraperitoneal injections) was treated with saturating levels of FITC-labeled
MEL-14 MAb and the level of FITC fluorescence on 10,000 leukocytes determined. FACScan software used for flow cytometry data analysis
was LYSIS II, version 2.2 (1992).

Measurement of Leukocyte Accumulation
in Peritoneal Lavage

One ml of thioglycollate or lactated Ringer's irrigation
buffer was injected intraperitoneally in conscious
mice 30 minutes after pump implantation. Blood
samples were taken from the tail vein of mice before
sacrifice at 0, 6, 24, and 48 hours. Mice were eutha-
nized and their peritoneal contents were obtained by
injection of 5 ml of warm medium (RPMI 1640-2%
FCS containing 2 mmol/L EDTA) followed by gentle
massage of the peritoneum. Total leukocyte cell
counts were determined with an electronic particle
counter (Model Zf, Coulter Electronics, Hialeah, FL).
Granulocytes, lymphocytes, and macrophages were
identified by distinctive forward and side light scatter
profiles and indirect immunofluorescence flow cytom-
etry using leukocyte-specific MAb markers 29B
(CD3, pan T-lymphocyte), 6B2 (B-lymphocyte), and
RB6.8C5 (granulocyte marker) MAb as detailed be-
low. Wright-Giemsa-stained cytospin preparations
were used to verify the relative percentage of mono-
nuclear versus polymorphonuclear leukocytes.

Indirect Immunofluorescence Assay

Immunofluorescence assays for surface Ag expres-
sion on leukocytes were performed using directly la-
beled (FITC or biotin) primary MAb. Aliquots of whole
blood (50 p1) or peritoneal lavage fluid (5-10 x 105
leukocytes) were incubated at 4 C with saturating
concentrations of FITC- or biotin-labeled primary
MAb in RPMI 1640 medium containing 5% heat-
inactivated rabbit serum for 20 minutes on ice. Bioti-
nylated MAb were detected by a 10 minutes incuba-
tion with FITC-conjugated avidin (Sigma) at 1:200
dilution. The relative binding of MEL-14 on circulating
leukocytes was determined on whole blood samples
incubated for 30 minutes at 4 C with FITC-labeled
F(ab')2 goat anti-rat IgG (1:100 dilution; Caltag).

Erythrocytes were lysed using the Coulter Whole
Blood Immunofluorescence kit as detailed by the
manufacturer (Coulter). FITC fluorescence was de-
termined on a FACScan flow cytometer (Becton Dick-
inson, Mountain View, CA) by counting the fluores-
cence of 10,000 leukocytes. The data are presented
as single parameter histograms with the mean chan-
nel fluorescence (4 decade log scale, x axis) versus
the relative cell number (y axis).

Statistics

Analysis of variance was used to analyze data and
Student's paired t-test was used to determine statis-
tical significance (Minitab statistical software, version
7.1). P values of <0.05 were considered significant.

Results

Saturation of MEL- 14 Ag on Circulating
Leukocytes

Previous studies have reported that MEL-14 MAb rec-
ognizes the lectin domain of L-selectin expressed on
circulating neutrophils, lymphocytes, and mono-
cytes18'26 and that MEL-14 inhibits lymphocyte and
neutrophil binding to peripheral lymph node HEV in
vivo.1 Preliminary experiments were carried out to de-
termine whether intravenous injection of MEL-14 MAb
(0.4 mg/animal) could saturate binding sites on cir-
culating leukocytes for up to 24 hours (Table 1). In-
direct flow cytometric analyses, using goat anti-rat
IgG to detect MEL-14 bound to each leukocyte type,
revealed that MEL-14 Ag on neutrophils, lympho-
cytes, and monocytes was fully saturated at 4 hours
but not after 6 hours (Table 1). Similar results were
observed after administration of F(ab')2 fragments
(0.4 mg/animal) of MEL-14 MAb, suggesting that the
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short circulating half-life of MEL-14 was not due to
clearance via Fc-mediated cross-linking.
We next examined whether surgically implanted Al-

zet miniosmotic pumps containing MEL-14 MAb,
which have been used previously to deliver precali-
brated volumes of MAb over sustained time peri-
ods,27 could be used to saturate MEL-14 binding

sites on circulating leukocytes for longer time periods.
In these experiments, pumps containing MEL-14
MAb (3 mg/animal) were implanted and blood
samples were taken at 0,6,24, and 48 hours. MEL-14
binding sites on circulating leukocytes were satu-
rated at 6, 24, and 48 hours (Figure 1 and Table 2).
Analysis of the data in Table 2 revealed that there was
no statistical difference between the levels of MEL-14
MAb bound at 6, 24, or 48 hours for each leukocyte
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Figure 1. MEL-14 MAb binding to circulating blood lymphocytes,
neutrophils, and monocytes 48 hours after thioglycollate injection in-
traperitoneally. MEL-14 MAb binding to circulating leukocytes was

assessed using FITC-labeled goat anti-rat IgG as detailed in Materials
and Metbods. Mice were implanted with Alzet miniosmotic pumps
loaded with 3 mg ofpurified MEL-14 IgG MAb (.- ) or saline ( --- ),
injected with 1 ml of thioglycollate intraperitoneally, and blood
samples taken after 48 hours. For comparison, surface expression of
MEL-14 Ag on peripheral blood leukocytes from normal control ani-
mals was determined by single step indirect immunofluorescence
flow cytometry using FITC-labeled MEL-14 MAb (- ).

type. Figure 1 shows the relative binding of MEL-14
MAb to each leukocyte type over the time course of
the experiments. For comparison, surface expression
of MEL-14 Ag on peripheral blood from control ani-
mals is shown. This model was used, therefore, to
examine the role of L-selectin in leukocyte recruitment
to experimentally induced chronic inflamed perito-
neum.

MEL-14 MAb Inhibits Neutrophil,
Lymphocyte, and Monocyte Recruitment
in Vivo

In mice implanted with saline-loaded pumps, the total
number of macrophages (blood derived monocytes),
neutrophils, and lymphocytes accumulated in peri-
toneal lavage at 0, 6, 24, 48, and 96 hours after thio-
glycollate injection is shown (Figure 2). Macrophage
and lymphocyte accumulation did not increase sig-
nificantly until 24 hours and was maximal by 48 hours,
whereas neutrophil accumulation was maximal by 6
hours and declined at later times. Thus, we tested the
effects of test or control antibodies between 0 and 48
hours.

Using the osmotic pump delivery system in this
model of inflammation, the effect of MEL-14 MAb on
leukocyte recruitment to the peritoneum in response
to thioglycollate was determined (Figure 3). MEL-14
MAb significantly decreased the number of macro-
phages accumulated in response to thioglycollate at
later times as compared with saline (Figure 3A). At 24
and 48 hours, macrophage accumulation was re-
duced by 95% (P < 0.0002) and 63% (P < 0.003),
respectively. Lymphocyte accumulation was almost
totally inhibited at 24 (88% inhibition, P< 0.0025) and
48 hours (100%, P< 0.001) (Figure 3B). Although lym-
phocyte and macrophage accumulation in the control
rat IgG treatments were lower than saline treatments,
these differences were not statistically significant.
Neutrophil recruitment was greatly reduced (80% in-
hibition, P < 0.0064) at 6 hours with MEL-14 MAb as
compared with saline (Figure 3C). However, at 24 and
48 hours, less inhibition was observed (24 hours, 48%
inhibition, P< 0.0086; 48 hours, 64% P. 0.0023). The
effects of control rat IgG treatment on neutrophil ac-
cumulation was not significantly different from saline
at any time point.

The inhibitory effects of MEL-14 MAb were not due
to a reduction in the total number of circulating leu-
kocytes (ie, leukopenia). In mice receiving saline in-
traperitoneally, the circulating neutrophil and mono-
nuclear leukocyte (lymphocyte + monocyte) counts
at 4, 24, and 48 hours after implantation with pumps
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Table 2. Immunodetection ofMEL-14 MAb Binding to Circulating Blood Leukocytes in Animals Implanted with
Alzet Pumps Loaded with MEL-14 IgG MAb or Saline and Receiving Thioglycollate Intraperitoneally

Time Mean Channel Fluorescencet

Treatment* (hours) n Lymphocytes Monocytes Granulocytes

MEL-14 6 4 43 ± 19 107 ± 25 54 ± 13
Saline 6 4 4 ± 2 10 ± 4 5 ±1
MEL-14 24 4 44 ± 19 99 ± 13 72 ± 11
Saline 24 4 4 ± 1 5 ± 2 5 ± 3
MEL-14 48 5 51 ± 21 107 ± 42 79 ± 25
Saline 48 5 5 ± 2 9 ± 2 9 ± 6
Ex vivot 2 53 ± 2 89 ± 1 93 ± 2

Mice were implanted with Alzet pumps containing saline or MEL-14 MAb and injected intraperitoneally with thioglycollate as detailed in
Materials and Methods.

t Whole blood was obtained from animals at various times and incubated with FITC-labeled goat anti-rat IgG. FITC fluorescence (linear-
ized value) was determined as detailed in Materials and Methods. FACScan software used for data analysis was BDIS consort 30, version G
(1989).

t Whole blood samples were taken from control animals that were not implanted with pumps and incubated ex vivo with FITC-MEL-14
MAb. The level of MEL-14 expression determined as in Table legend. Data are expressed as means + SD of n experiments.
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Figure 2. Time course of circulating monocyte, lymphocyte, and
granulocyte recruitment to the peritoneum cavity in response to thio-
glycollate. Elicited peritoneal leukocytes were harvested at 0, 6, 24,
48, and 96 hours after thioglycollate injection. Total leukocyte count
was measured by Coulter counter and the leukocyte differential
count was determined by distinctive forward and side light scatter
profiles and indirect immunofluorescence flow cytometry using
leukocyte-specific MAb. Data are represented as means + SEM, with
three orfour animals in each group.

containing MEL-14 or saline were not significantly dif-
ferent (Table 3).

Discussion
The findings in this report provide direct evidence that
L-selectin is involved in mononuclear leukocyte ac-

cumulation at experimentally induced chronic inflam-
matory sites. In particular, recruitment of peripheral
blood lymphocytes to the inflamed peritoneum after
24 hours was reduced by >85% and macrophage
recruitment also was reduced by >60% during this
time period. The current results with neutrophils con-
firm previous studies617l18 that MEL-14 MAb blocks
most of the neutrophil influx at 4 to 6 hours and pro-
vides new information that neutrophil accumulation
also is reduced by this treatment at later times. In
addition, the data presented (Tables 1-3 and Figure
1) indicate that saturating levels of MEL-14 MAb were
achieved in our model throughout the 48 hours ex-
perimental time period and that MEL-14 MAb does
not alter the leukocyte count or differential. These
data suggest that L-selectin, interacting with its in-
ducible counterreceptor(s), is an important adhesion
pathway for both lymphocyte and monocyte, as well
as neutrophil, accumulation at chronic inflammatory
sites in vivo.

Current models of leukocyte-endothelial adhesive
interactions suggest sequential involvement of mul-
tiple members of the selectin, integrin, and Ig gene
families during the process of initial attachment (roll-
ing), stable adhesion (arrest), spreading, and, ulti-
mately, diapedesis. 12,2e The initial attachment of poly-
morphonuclear leukocytes is mediated in part by
L-selectin, while subsequent arrest is mediated by
B2-integrins.5,7.8,11 12 Our recent studies with blood
monocytes under flow (ref. 10; F. W. Luscinskas, G. S.
Kansas, H. Ding, R Pizcueta, B. E. Schleiffenbaum, T.
F. Tedder, and M. A. Gimbrone, J Cell Biol, in press)
indicate that L-selectin mediates monocyte rolling
and also facilitates a431-dependent arrest, whereas
f32-integrins are necessary for spreading of firmly at-
tached monocytes. Based on these above models,
inhibition of L-selectin by MEL-14 MAb presumably
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Figure 3. MEL-14 MAb inhibits macrophage (A), lymphocyte (B), and
granulocyte (C) recruitnment to inflamed peritoneum. The effect of
MEL-14 MAb on recruitment of macrophages (A), lymphocytes (B),
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distinctive forward and side light scatter profiles and indirect immt-
nofluorescence flou cytometry using leukocyte-specific MAb. Data
plotted represent the means + SEM of each group, with 4 to 11 ani-
mals per group. P < 0.05 versus anzimals receiving saline-loaded os-
motic pumps. 0: salinze; A: purified rat IgG; *: MEL-14 MAb (IgG).
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Table 3. MEL-14 MAb IgG Does Not Alter Peripheral
Blood Leukocyte Cell Count or Differential in
Normal Mice

Mononuclear
Time Leukocytes Granulocytes

Treatment* (hours) (x 106/mI)t (x 106/ml)t

PBS 0 3.95 ± 0.79 0.70 ± 0.14
PBS 6 4.13 ± 1.51 0.86 ± 0.30
MEL-14 6 3.10 ± 0.19 0.92 + 0.07
PBS 24 3.51 ± 1.40 0.70 ± 0.28
MEL-14 24 4.28 ± 2.41 0.88 ± 0.49
PBS 48 3.63 ± 0.38 0.72 0.11
MEL-14 48 4.70 + 1.43 0.64 ± 0.19

Treatments were implantation of Alzet miniosmotic pumps
containing MEL-14 MAb or saline in normal mice.

t The total leukocyte number was determined by Coulter
counter. The percentages of mononuclear cells and granulocytes
were determined by distinctive forward and side light scatter pro-
files and Wright's stained smears. The mononuclear leukocyte and
granulocyte counts were determined by multiplying the differential
times the total leukocyte count. Data are means + SD from three
separate experiments.

blocks the initial lymphocyte attachment (rolling in-
teractions) to "inflamed" vascular endothelium, while
subsequent steps, such as arrest and diapedesis,
would require additional adhesion pathways. Other
molecules have also been implicated in lymphocyte
recruitment to immune or inflammatory reactions.
Both a411 (VLA-4) and aLf2 (LFA-1) integrins are in-
volved in lymphocyte adhesion to cultured human
umbilical vein endothelium (HEC)7,2930 and to cul-
tured rat microvascular endothelium31-33 under static
conditions. In vivo, the combination of function-
blocking anti-a431 and aLI2 MAb maximally inhibit
cutaneous delayed-type hypersensitivity reactions.31
Taken together, these data suggest that at chronic
sites of inflammation, L-selectin mediates lymphocyte
rolling interactions with chronic "inflamed" endothelial
cells, whereas a431 and aLI2 are involved in subse-
quent steps such as arrest and emigration.
Macrophage accumulation was also reduced by

MEL-14 MAb, although the inhibitory effect was not as
dramatic as with lymphocytes (compare Figure 3A to
3B). This result suggests other adhesion pathways
are involved in the initial interactions of monocytes
with endothelium. Inducible endothelial molecules
implicated in such interaction include both P- and
E-selectin (see ref. 34 for review). In preliminary ex-
periments, both human E-selectin and P-selectin sta-
bly expressed on CHO cell and L-cell monolayers,
respectively, supported human monocyte rolling and
transient adhesion under laminar flow at 1.8 dynes/
cm2 (H. Ding and F. W. Luscinskas, manuscript in
preparation). However, a major role for E-selectin in
monocyte recruitment in the current model is unlikely
since previous studies have demonstrated that its sur-
face expression in vivo declines after 24 hours and is

usually associated with neutrophil influx.35-37 The role
of P-selectin in leukocyte recruitment at chronic sites
of inflammation has yet to be addressed although re-
cent studies by Mayadas and coworkers,36 using
P-selectin-deficient mice, revealed defects in leuko-
cyte recruitment. In particular, P-selectin-deficient
mice exhibit a near total absence of rolling leukocytes
in exteriorized mesenteric venules and a delayed
neutrophil recruitment into the peritoneum 2 to 6 hours
after thioglycollate injection.

Recent reports have identified endothelial cell mol-
ecules from lymphoid tissues that may function as
ligands for L-selectin. Lasky, Rosen, and coworkers
have identified glyCAM-114 and CD34,15 which are
mucin-like molecules, as ligands for a L-selectin chi-
mera molecule, presumably through carbohydrate
determinants. Salmi and Jalkanen39 reported the im-
munopurification of a 90-kd ligand, VAP-1, from ton-
sillar extracts that supports lymphocyte adhesion.
Michie and coworkers16 have reported that carbohy-
drate determinants on the human peripheral lymph
node vascular addressin, identified by MECA-79
MAb, also may participate in L-selectin dependent
adhesion and recruitment at sites of chronic inflam-
mation. In addition, MAdCAM-1, which contains Ig
domains and a mucin-like domain and is expressed
on HEV, has recently been shown to support
L-selectin-dependent lymphoid cell line rolling inter-
actions.40 Further examination of the integrative func-
tion of these molecules will be necessary to ascertain
their role in leukocyte influx at sites of inflammation.

In summary, we have used a model which allows
examination of the role of the L-selectin adhesion
pathway in chronic inflammatory leukocyte recruit-
ment to sites of inflammation. Our results suggest
L-selectin, interacting with its inducible endothelial
counterreceptor(s), plays an important role in both
neutrophil and mononuclear leukocyte extravasation
at sites of inflammation.

Note Added in Proof
Arbon6s, Tedder and colleagues (Immunity, in press),
using L-selectin-deficient mice have reported that
neutrophil recruitment into the inflamed peritoneum is
significantly reduced at 4 hr; however, no data con-
cerning mononuclear leukocyte recruitment into the
peritoneum was presented.
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