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Recruitment of blood monocytes into tissues is a central the endothelium and diapedesis in lesion-prone regions of
the vasculature is among the earliest events in atherogene-event in the inflammatory response and in atherogenesis.

The mechanisms leading to monocyte adhesion and migra- sis, leading to formation of lipid-laden foam cells, the ability
of L11 to block monocyte recognition of aortic endothelialtion through endothelium are not completely defined. We

recently reported that MAb L11, against the leukocyte si- cells was assessed in a novel ex vivo assay of monocyte
binding to intact rabbit aortic endothelium. Cholesterol feed-alomucin CD43, blocks T-lymphocyte binding to lymph node

and Peyer’s patch high endothelial venules (HEV) and inhib- ing of rabbits induces enhanced aortic adhesiveness for
monocytes and WEHI78/24 monocytoid cells, and this adhe-its T-cell extravasation from the blood into organized sec-

ondary lymphoid tissues. We have now assessed the ability sion is inhibited by L11. The inhibitory effect of L11 is addi-
tive with that of a cocktail of anti–L-selectin and anti-a4 andof L11 to inhibit monocyte-endothelial (EC) interactions and

trafficking. L11 blocks binding of WEHI78/24 cells, a murine b2 integrin monoclonal antibodies. Thus, CD43 represents a
novel target for manipulation of monocyte recruitment inmonocytoid cell line, to inflamed lymph node HEV and inhib-

its recruitment of monocytes and neutrophils to thioglycol- inflammation and atherogenesis.
q 1997 by The American Society of Hematology.late-inflamed peritoneum. Because monocyte adhesion to

binding to inflamed lymph node HEV by greater than 70%A and also inhibits monocyte and neutrophil recruitment to
PROMINENT FEATURE of inflammation and atherogen-

esis is the adherence of monocytes to local vascular
inflamed peritoneum in vivo.endothelium, with subsequent diapedesis and migration of these

Atherogenesis shares many features with chronic inflam-cells into the inflamed tissue. Although several monocyte-endo-
mation, including recruitment of monocytes and T lympho-thelial (EC) adhesion pathways have been described (including
cytes, expression of major histocompatability complexL–selectin-peripheral node addressin [PNAd], b2 integrin–in-
(MHC) class II molecules by T cells and endothelial cells,tracellular adhesion molecule-1 [ICAM-1], a4 integrin–vascu-
as well as local expression of immune and inflammatorylar cell adhesion molecule-1 [VCAM-1], sialyl Lewisx–E-se-
mediators.7-9 Focal adherence of peripheral blood monocyteslectin, and P–selectin-P–selectin glycoprotein-1), studies in
to vascular endothelium in lesion-prone areas is one of themultiple models indicate that important monocyte adhesion
earliest observable events following initiation of an athero-receptors and/or regulatory pathways remain to be identi-
genic diet. Adherent monocytes migrate into the intima, ac-fied.1-3 We have initiated efforts to identify novel molecular
cumulate lipid, and become monocyte-derived foam cells, amechanisms of monocyte-EC interactions that are involved in
major component of early lesions in humans and other spe-or can modulate monocyte recruitment from the blood in in-
cies. The mechanisms governing monocyte-specific adhesionflammation and atherogenesis.
in preatherosclerotic vessels, although the subject of intenseOne accessible model for studying monocyte interactions
investigation, remain incompletely defined.2,10 We havewith EC, and the mechanisms of their alteration during in-
shown that the aortic luminal EC of cholesterol fed rabbitsflammation, is the Stamper-Woodruff assay of leukocyte ad-
displays markedly enhanced adhesiveness for monocytes inhesion to lymph node-high endothelial venules (HEV) in

frozen sections. HEV in frozen sections of mouse lymph
node normally support lymphocyte, but not monocyte bind-
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Recruitment of leukocytes to the inflamed peritoneal cavity.an ex vivo assay.10,11 Anti-CD43 MoAb L11 inhibited this
Mice were preinjected intravenously (IV) with 250 mg of control orinteraction by greater than 70%.
L11 MoAb followed by an intraperitoneal (IP) injection of thiogly-Taken together, our findings suggest that CD43 can modu-
collate (Becton Dickinson, Microbiology Systems, Cockeysville,late monocyte-EC interactions and monocyte recruitment in
MD). Peritoneal cells were isolated by injecting and withdrawinginflammation and atherogenesis.
10 mL of calcium and magnesium-free Hanks’ balanced salt solution
(HBSS) spiked with 106 fluorescent beads (6 m; Polysciences, War-

MATERIALS AND METHODS rington, PA) per mL. Cells were stained either with fluorescein
isothiocyanate (FITC)-labeled RB5-8C5 and biotinylated-CD44 fol-Monoclonal Antibody Generation and Characterization
lowed by phycoerythrin (PE)-conjugated streptavidin (Tago, Burlin-

The derivation of L11 has been described previously described in game, CA) or with PE-conjugated RB6-8C5 (Pharmingen, San
the context of its effects on T-cell trafficking.6 Briefly, using Diego, CA) and FITC-labeled M1/70 (anti-aM). The numbers of
WEHI78/24 cells12 (gift of R. Coffman, DNAX, Palo Alto, CA) as neutrophils (8C5high, aMmed, CD44med) and monocyte/macrophages
immunogen, rat antimouse MoAbs were generated using traditional (8C5lo-med, aMmed, CD44high), and beads were determined by flow
polyethylene glycol (PEG) fusion methods. Hybridoma supernatants cytometry and the total number of each cell type calculated based
were screened for their ability to block binding of lymphocyte and on the known number of fluorescent beads added to each sample.
WEHI78/24 cells to HEV in normal and inflamed peripheral lymph To determine blood levels of monocytes and neutrophils, 100 mL
nodes (PLN) in the Stamper-Woodruff frozen section assay.13

of peripheral blood, collected by heart puncture, was spiked with
106 fluorescent beads and stained as described above. Before fluo-

Stamper-Woodruff Assay on Inflamed PLN rescence-activated cell sorting (FACS) analysis, erythrocytes were
lysed using a mouse erythrocyte lysis kit (R&D Systems, Minneapo-Normal and inflamed PLN were harvested from Balb/c mice (6
lis, MN) according to the manufacture’s instructions.to 8 weeks of age) frozen in OCT (Miles Scientific, Elkhart, IN)

and used within 3 months. To prepare inflamed nodes, mice were
Preparation of Aortic Endothelium and Binding Assayanesthetized with Metofane (Pittman-Moore, Mundelein, IL) and

their hind foot-pads injected with 50 mL complete Freund’s adjuvant Male New Zealand White rabbits were fed either normal rabbit
chow or rabbit chow enriched with 1% cholesterol (ICN Biomedical,(GIBCO, Gaithersburg, MD). Three days later mice were killed by

cervical dislocation and popliteal lymph nodes were harvested and Cleveland, OH). Total cholesterol and HDL levels (mg/dL) of the
control animals were 53.8{ 11.1 and 28.7{ 3.7, respectively, whilefrozen in OCT. Fresh 10 mm sections were cut and used within 30

minutes. cholesterol feeding for 2 weeks resulted in 803 { 113 and 25.8 {
3.8 mg/dL of total cholesterol and high-density lipoprotein (HDL),The Stamper-Woodruff assay was performed essentially as de-

scribed.6,13-15 Briefly, WEHI78/24 cells were grown in Dulbecco’s respectively.
Rabbits were killed and intact aortic segments were prepared asmodified Eagle’s medium (DMEM) (BioWhittaker, Walkersville,

MD) supplemented with 5% fetal calf serum (Gemini Scientific, previously described.11 Briefly, thoracic aortas were removed and
placed in cold, oxygenated HBSS and a 15-mm segment of thoracicCalabasas, CA; endotoxin õ10 pg/mL) and 5% fetal clone

(HyClone, UT; endotoxin õ10 pg/mL). Cells were harvested in aorta was excised from a point immediately distal to the left subcla-
vian artery. The segments were opened longitudinally and placedplateau phase (2.0 to 2.5 1 106 per mL), chilled, and preincubated

with L11 or binding control MoAb 30G12 (ATCC, Rockville, MD), into 35-mm culture dishes previously coated with a thick layer of
3% agarose equilibrated with binding buffer (HBSS supplementedagainst the common leukocyte antigen T200, at 0.5 mg/106 cells. In

other experiments, WEHI78/24 cells were incubated with blocking with 2 mmol/L Ca2/, 2 mmol/L Mg2/, and 20 mmol/L HEPES,
pH 7.0). Aortic segments were pinned to the dish exposing theMoAbs against: L-selectin (Mel-14), a4 integrin (PS/2; ATCC), aL

(CD11a; FD344; ATCC), aM (CD11b; M1/70; ATCC), b2 (CD18; endothelium to the medium.
WEHI78/24 cells were labeled with tetramethyl rhodamine B iso-M18.2.a.8; ATCC), or control binding MoAbs 30G12 (T200; ATCC)

and RB5-8C5 (ATCC), all at 51 saturating concentrations (generally thiocyanate (TRITC) as previously described6,15,16 and were preincu-
bated with binding control MoAb 30G12 or with blocking MoAbs1 to 10 mg/106 cells). In some experiments, WEHI78/24 cells (2 1

106 per mL) were mixed with rat lymph node lymphocytes (1 1 106 to L-selectin (Mel-14), alpha 4 (PS/2 ), aM (M1/70), aL (FD344),
each at 31 saturating concentrations, L11 (0.5 mg/106 cell) or aper mL) in binding buffer and 100 mL added to freshly cut sections

within a 22.2 mmol/L diameter ring (drawn with a technical pen). combination of all blocking MoAbs for 20 minutes at room tempera-
ture (RT). A total of 2 1 106 cells in 2 mL of binding buffer was(Rat lymphocytes are not recognized by any of the rat MoAbs used

and are included as an internal standard.) Cells were allowed to added to each dish and coincubated with continuous rocking for 30
minutes at RT. At least one dish of each condition was examinedadhere for 30 minutes under constant rotation (75 rpm) at 5 to 67C.

Nonadherent cells were drained off and slides were placed in 2% to determine if any cell aggregation occurred during the assay. The
medium was gently aspirated and replaced by 2 mL fresh bindingglutaraldehyde in phosphate-buffered saline (PBS) containing 2

mmol/L Ca2/, 2 mmol/L Mg2/, and allowed to fix for at least 15 medium to remove nonadherent cells. After a second wash, the
dishes were placed on the rocking platform for an additional 5 min-minutes. Sections were examined under dark field illumination.

WEHI78/24 cells were easily distinguished from the rat lymphocytes utes to remove nonadherent cells. The aortic segments were then
examined under epifluorescence microscopy and the number of ad-by their substantially larger size. The number of WEHI78/24 and

lymphocytes bound to at least 25 HEV was determined and the data herent cells inú30 fields was determined on at least five independent
segments from at least two control and three cholesterol-fed rabbitsare expressed as the number of WEHI78/24 cells bound per rat

lymphocyte. In other experiments, the binding of WEHI78/24 cells in each of three experiments.
WEHI78/24 adhesion to vascular selectins and ICAM-1. Mockto inflamed HEV was measured without the addition of rat lympho-

cytes. Binding was quantified as the number of cells/HEV from four transfected, human P-selectin and E-selectin transfected CHO cells17

(kindly provided by E. Berg, Protein Design Labs, Mountain View,separate slides in each of three experiments. To determine if any
cell aggregation occurred during the binding assay, additional slides CA) were plated in 35 mm dishes, grown to confluence, and were

either left untreated or were treated with blocking anti–E-selectin(not used for analysis) were included and examined under dark field
illumination before draining off the nonadherent cells. MoAb CL-218 or anti–P-selectin MoAb WAPS12.219 for 15 minutes
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ANTI-CD43 INHIBITS MONOCYTE-EC ADHESION 3589

at RT. Adhesion assays were performed as described.15 Briefly, 1 1
106 WEHI78/24 cells, preincubated with L11 or control IgG2a MoAb
30G12, were added to dishes and coincubated for 30 minutes with
constant agitation at RT. Nonadherent cells were removed and adher-
ent cells were counted by microscopy.

Adhesion of WEHI78/24 cells to purified ICAM-1 was assessed
as previously described20,21 in the presence and absence of L11 (0.5
to 10 mg/mL), anti-aL (FD344), aM (M1/70), b2 (M18.2.a.8), or
control binding MoAbs 30G12 (T200), each at optimal blocking
concentrations).

RESULTS

Anti-CD43 MoAb L11 Blocks WEHI 78/24 Binding to
HEV in Inflamed PLN

WEHI78/24 cells were preincubated with hybridoma su-
pernatants and their binding to HEV in normal and inflamed
PLN was assessed. As previously reported5 and reproduced
here, WEHI78/24 cells failed to bind normal lymph node
HEV, but WEHI78/24 cells bound well to HEV following
CFA-induced inflammation (Figs 1 and 2). MoAb L11, but
not class-matched, binding negative control MoAbs, blocked
binding of WEHI78/24 cells to inflamed HEV by greater
than 70% (Fig 2). For comparison, the effects of anti–L-
selectin, aL, aM, b2, and a4 MoAbs, as well as two cell
binding isotype matched control MoAbs (RB6-8C5 and
30G12), are presented in Table 1. None of the MoAbs used
in these assays caused aggregation of WEHI78/24 cells.

Anti-CD43 MoAbL11 Blocks Recruitment of Monocytes to
the Inflamed Peritoneal Cavity

The ability of anti-CD43 MoAb L11 to modulate mono-
cyte recruitment in inflammation was assessed by testing the
ability of L11 to inhibit monocyte and neutrophil accumula-
tion in the thioglycollate-inflamed peritoneum.22 Mice were
injected with 250 mg of L11 or control antibody and 1 hour
later received 2 mL of thioglycollate broth in the peritoneum.
The number of monocytes, characterized by their 8C5low-med,
aMhi, CD44med staining pattern23,24 and neutrophils, distin-

Fig 1. WEHI78/24 cells bind to inflamed, but not normal PLN HEV.guished by their 8C5hi, aMmed, CD44med phenotype23,24 and
Binding of WEHI78/24 cells to normal (A) and CFA-inflamed (B) PLNlight scatter properties and were evaluated at 4, 24, and 72
HEV was assessed in modified Stamper-Woodruff frozen section

hours. Monocyte recruitment was dramatically increased at assays. WEHI78/24 cells were added to freshly cut frozen sections
24 and 72 hours following induction of inflammation (Fig and incubated for 30 minutes at 57C under constant rotation. Nonad-

herent cells were washed away and the sections fixed and stained3A); preinjection of L11 resulted in a statistically significant
with thionine as described.14 A lower magnification of the normal(P õ .001) reduction in monocyte recruitment at both time
lymph node is shown to illustrate lack of binding on multiple HEV.

points (Fig 3A). Neutrophil recruitment begins rapidly, peak-
ing at 4 hours (Fig 3B). In comparison with controls, L11
treatment resulted in a substantial reduction in the accumula-
tion of neutrophils during the initial phase of recruitment, untreated/uninflamed mice). In addition, there was no sig-

nificant difference in the percentage of monocytes in thewith less dramatic, but still significant inhibition of neutro-
phil numbers at later time points, when neutrophils were blood of control IgG versus L11-treated mice at any time

point (Fig 3C). Thus, the blocking of monocytes was notdiminishing (Fig 3B). To rule out the possibility that L11-
mediated blocking of recruitment was due to reduced avail- due to reduced monocyte availability in the blood. Similarly,

L11 treatment had no effect on the percentage (or number) ofability of leukocytes in the blood, total blood leukocyte
counts, as well as the percentage of peripheral blood mono- circulating neutrophils at 4 hours (which were significantly

elevated over control levels by thioglycollate treatment) sug-cytes and neutrophils in control MoAb and L11-treated ani-
mals, were compared at each time point. There was no sig- gesting that the dramatic inhibition of neutrophil accumula-

tion during the phase of active neutrophil recruitment is alsonificant difference in the number of circulating peripheral
blood leukocytes in control IgG versus L11-treated mice at due to decreased efficiency of extravasation, and not to de-

creased availability in the blood pool (Fig 3D). The reductionany time point (although all were elevated compared with
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Fig 2. L11 blocks monocytoid cell binding to inflamed PLN HEV.
Binding of WEHI78/24 cells to normal and CFA-inflamed lymph nodes
was assessed in modified Stamper-Woodruff frozen section assays:
WEHI78/24 cells were mixed with internal control cells (rat mesen- Fig 3. L11 blocks recruitment of monocytes and neutrophils to
teric lymph node lymphocytes), preincubated with isotype matched the thioglycollate-inflamed peritoneum. Balb/c mice were injected
control MoAb or with L11 (0.5 mg/106 cells), added to freshly cut (IV) with 250 mg of control IgG or with L11 and then injected with
frozen sections and incubated for 30 minutes at 57C under constant thioglycollate to induce peritonitis. Recruited cells were harvested,
rotation. The number of WEHI78/24 bound per rat internal standard stained with monocyte and neutrophil markers, and analyzed by flow
cell in greater than 30 HEV on each of quadruplicate sections was cytometry. The total number of monocytes (A) and neutrophils (B)
determined by microscopy. The mean and standard error of three recruited to the peritoneal cavity at 4, 24, and 72 hours was deter-
independent experiments are pooled and presented. mined. Peripheral blood was collected at each time point, stained as

in (A) and (B) and the total number of leukocytes, as well as the
relative number of monocytes (C) and neutrophils (D) was deter-in peripheral neutrophil numbers in L11-treated mice at 24
mined. Data shown are the mean and standard error of the totaland 72 hours, when the number of neutrophils in the periph-
number of cells per animal found in three animals per condition in

ery is declining anyway, may largely reflect the blockade of each of three independent experiments (N ! 3).
initial recruitment, although inhibition of residual neutrophil
recruitment or effects on neutrophil retention might also play
a role. Interestingly, the statistically significant (P õ .005)

atherogenesis, we used our ex vivo model of monocytoidreduction in circulating neutrophils in L11 recipients at 24
cell interaction with the endothelium in lesion prone areashours was seen in two of three experiments; although unex-
of intact aortic endothelium of cholesterol-fed rabbits.plained, it may reflect a more rapid reversion to normal
WEHI78/24 binding to aorta from hypercholesterolemic ani-(preinflammation) blood neutrophil levels.
mals at RT is enhanced threefold compared with control
animals, as previously described10,11 and reproduced hereL11 Blocks WEHI78/24 Binding to Intact Aortic

Endothelium of Cholesterol-fed Rabbits (Fig 4). Preincubation of the WEHI78/24 cells with L11
MoAb reduces binding to aortic endothelium by slightlyTo assess the ability of anti-CD43 MoAb to modulate
more than 50% (Fig 4), suggesting that CD43 can modulatemonocyte binding to the ‘‘dysfunctional’’ endothelium in
monocyte-endothelial interactions in this setting. No aggre-
gation of WEHI78/24 cells was observed at any point in theTable 1. Antibody Inhibition of Binding of WEHI78/24
binding assay.to Inflamed HEV

Several adhesion receptor/ligand pairs have been impli-
Binding cated in monocyte adhesion in models of atherogenesis in-Antibody Antigen (% of medium control)*

cluding a4b1/VCAM-12 and b2 integrins/ICAM-1.25-27 For
MEL-14 L-selectin 19 { 4 comparison with L11, we examined the involvement of these
PS/2 a4 integrin 94 { 12

pathways in WEHI78/24 binding to intact aortic endotheliumFD441.8 CD11a 63 { 6
from cholesterol-fed rabbits (Fig 5). Preincubation ofM1/70 CD11b 45 { 6
WEHI78/24 cells with anti–L-selectin MoAb MEL-14M18/2.a.8 CD18 56 { 15
blocked binding by approximately 30%, while anti-a4L11 CD43 29 { 6

RB6-8C5 PMN 112 { 23 MoAb PS/2 blocked binding by 20%. Together these MoAbs
30G12 T200 95 { 11 blocked WEHI78/24 binding 37%. Although binding was

not inhibited by incubation of WEHI78/24 cells with anti-* The binding of WEHI78/24 to HEV in CFA-inflamed lymph nodes
b2 integrin MoAbs M1/70 (anti-aM) or FD388 (anti-aL),in the presence of MoAb. Values are mean { standard error of the

percentage of binding in the presence of medium alone (N Å 3). alone or mixed, binding was reduced to 50% of control if
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we assessed the binding of WEHI78/24 cells to purified
ICAM-1 and found that blocking MoAbs against aL and aM
reduce binding by 97% suggesting that these b2 integrins are
the dominant ligands for ICAM-1 and that CD43 is not
sufficient to mediate adhesion of WEHI78/24 cells to ICAM-
1. Furthermore, the minimal residual binding observed in
the presence of anti-aL and aM (õ4% of control binding)
is not blocked by addition of L11 MoAb. Together these
data suggest that L11 blocks via a novel mechanism.

DISCUSSION

Monocytes are often described as the orchestrators of the
inflammatory response and clearly play a key role in multiple
settings of acute and chronic inflammation. Monocyte re-
cruitment in inflammation and atherogenesis is thought to
be mediated by local changes in endothelial adhesiveness
for monocytes, as well as by local generation of monocyte
chemoattractants such as IP-1029 and monocyte chemoattrac-
tant protein-1 (MCP-1)30 and members of the GRO familyFig 4. L11 blocks binding of monocytoid cells to intact aortic endo-

thelium from fat-fed rabbits. Fluorescent-labeled WEHI78/24 cells of chemoattractants.31 The multifactorial nature of events
were incubated with control IgG or L11 (1 mg/106 cells) for 20 min- leading to leukocyte emigration, both in the normal recircula-
utes, added to intact aortic segments from control and cholesterol- tion of lymphocytes in immune surveillance and the extrava-fed New Zealand White rabbits, and allowed to bind for 30 minutes at

sation of granulocytes, monocytes, and lymphocyte effectorRT under constant rotation. Following extensive washing to remove
cells in inflammation, led to the multistep model of leukocytenonadherent cells, the number of adherent cells in 15 fields (totaling

1.4 cm2) was determined on at least five independent segments from recruitment.31-35 In vitro studies suggest that this multistep
at least two control rabbits and three cholesterol-fed rabbits in each model of leukocyte-EC adhesion is relevant for monocyte
of three experiments. The mean and standard error of the pooled

interactions as well; the interaction of human monocytesdata are shown.
under flow with interleukin-4 (IL-4)–stimulated human um-
bilical vein endothelial cells requires sequential contribu-
tions of L-selectin, b1 and b2 integrin adhesion events.32

anti-b2 MoAbs were added to the anti–L-selectin, anti-a4 Thus, the adhesion molecules involved in monocyte adhe-
integrin (MEL-14 and PS/2) mixture, blocking all three path- sion have been described in some models; however, studies
ways. Addition of L11 to this cocktail blocked this residual in many other models indicate that important monocyte ad-
adhesion by approximately 60% (essentially to control bind- hesion receptors and/or regulatory pathways remain to be
ing; Fig 5). These data suggest that CD43 inhibits one or identified.1-3

more adhesive mechanisms that can act independently of or
in parallel with L-selectin, a4 integrin and b2 integrins to
mediate monocyte binding to preatherosclerotic endothelium
in the rabbit.

L11 Does Not Influence WEHI78/24 Binding to Vascular
Selectins or ICAM-1

The additive inhibition by L11 and anti–L-selectin, a4
and b2 MoAbs suggests that L11 acts independent of these
adhesion pathways. This observation is consistent with our
previous studies6 in which L11 failed to inhibit lymphocyte
binding to purified vascular ligands for L-selectin (PNAd),
a4b1 (VCAM-1) and a4b7 (MAdCAM-1) or aL (ICAM-
1). To ask if L11 inhibits monocyte recognition of vascular

Fig 5. L11-mediated blocking of WEHI78/24 binding to intact aor-selectins, we assayed WEHI78/24 binding to E and P-selec-
tic endothelium is additive with partial blocking by anti–L-selectintin transfected Chinese hamster ovary (CHO) cells.17 Anti–
and anti-a4. Adhesion assays were performed as described in Fig 3E-selectin MoAb17 blocked WEHI78/24 binding to E-selec-
using anti–L-selectin MoAb MEL-14, anti-a4 MoAb PS/2, a combina-

tin (but not P-selectin) transfectants by 72% { 6% and anti– tion of these two antibodies, a ‘‘cocktail’’ of MEL-14, PS/2 and anti-
P-selectin MoAb17 block binding to P-selectin (but not to b2 integrin MoAbs M1/70 and FD344.1 or the ‘‘cocktail’’ plus L11.

Bound cells were counted as described for Fig 3. Shown are the meanE-selectin) transfectants by 82% { 9%, MoAb L11 had no
and standard error of multiple (four to six) independent segmentseffect on adhesion to either E or P-selectin transfectants
from two control or three cholesterol-fed rabbits from a single experi-(94% { 4% and 108% { 4% of control MoAb binding, ment in which all conditions were examined in parallel. Each condi-

respectively; P ú .1). Although controversial, it has been tion (compared with control) was repeated in two to four indepen-
dent experiments with similar results.suggested that CD43 is a ligand for ICAM-1.28 Accordingly,
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We have defined an additional molecule, CD43, with the Here we have assessed the effects of anti-CD43 antibody
on monocyte-EC recognition, and we report that anti-CD43potential to modulate monocyte-endothelial recognition in

inflammation and atherogenesis. CD43 is an abundant leuko- MoAb L11 can modulate monocyte binding to activated en-
dothelium ex vivo, as well as interfering with recruitmentcyte surface sialomucin expressed on B and T lymphocytes,

monocytes, neutrophils, and platelets.33 Early observations of monocytes and of neutrophils during inflammation in
vivo. In contrast to the reported proadhesive effects de-of defective CD43 expression by T lymphocytes from many

patients with Wiskott-Aldrich syndrome,34 an X chromo- scribed for other anti-CD43 MoAbs, however, L11 substan-
tially inhibits monocyte-EC interactions. We have recentlysome-linked recessive immunodeficiency disorder, focused

much attention on this molecule and multiple, diverse func- shown that L11 also inhibits T cell/endothelial cell interac-
tions in a number of normal and inflammatory settings6 andtions have been suggested. CD43 is a member of a growing

family of cell-associated mucins,35 characteristically bearing that inhibition requires cross-linking.50 Together these data
suggest that CD43 activity reflects a common pathway capa-extensive O-linked glycan substitutions that exert a chain-

stiffening effect because of steric interactions of the highly ble of modulating leukocyte adhesion and trafficking.
As mentioned above, unlike lymphocytes and neutrophils,charged O-glycans.35 In fact, electron microscopy analysis

has shown that the extracellular region of CD43 has an ex- monocytes do not constitutively bind in appreciable numbers
to lymph node HEV. They do, however, bind to HEV intended filamentous shape with an average length of 45 nm,36

surpassing the typical glycocalyx in the plasma membrane. complete Freund’s adjuvant-inflamed lymph nodes in vivo
and in the Stamper-Woodruff frozen section assay ex vivo.4,5This extended structure and negative charge has led to the

hypothesis that these molecules may provide a repulsive The alteration in HEV adhesiveness, as assessed in the frozen
section assay in lymph nodes taken 3 days after CFA injec-barrier around a cell that limits nonspecific adhesive interac-

tions.37,38 Evidence for such an antiadhesive function was tion into the footpad, is selective for monocytes—no change
in constitutive lymphocyte binding or in low levels of neutro-provided by transfecting CD43 into HeLa cells, which dimin-

ished their adhesion to T-lymphocyte adhesion mediated by phil binding is observed. The adhesion involves several mol-
ecules: binding of 2-day thioglycollate-elicited peritoneal ex-aLb2 (leukocyte function antigen-1 [LFA-1]) and ICAM-1.

In addition, the targeted disruption of CD43 genes in a T- udate mononuclear cells (PEMC) to HEV in inflamed PLN
is blocked by more than 80% by anti–L-selectin MoAblymphocyte line37,38 resulted in enhancement of T-lympho-

cyte adhesiveness. Furthermore, phorbol myristate acetate MEL-14 and by anti- aL, aM, and b2 integrin MoAbs by
approximately 50%.4 As shown here, L-selectin and the b2-(PMA)-treated thymocytes from CD43 knock-out mice

showed substantially increased homotypic adhesion com- integrins also participate in binding of the WEHI78/24
monocytoid cells to HEV in inflamed lymph nodes. L-selec-pared with thymocytes from wild-type littermates, and anti–

CD3-stimulated binding of CD43-deficient splenic T cells tin and aLb2 integrin support lymphocyte binding to HEV
as well, and yet monocyte, but not lymphocyte, binding isto fibronectin or ICAM-1 was enhanced, as well.39 These

investigators favor the hypothesis that the gross negative dependent on inflammatory changes in the endothelium. The
monocyte-selective increase in adhesion to HEV in inflamedcharge and extended structure of CD43 normally serves to

retard T-cell interactions, which might, in turn, impede cell lymph nodes could be due to induction of a monocyte-selec-
tive activator or chemoattractant, a monocyte-selective adhe-activation, and that lack of CD43 allows interaction to occur.

In contrast, other investigators have shown that CD43 has sion molecule, or both. Anti-CD43 MoAb L11 blocks
WEHI78/24 cell binding to HEV in inflamed lymph nodesproadhesive properties. Numerous studies have shown that

certain anti-CD43 MoAbs induce homotypic cell adhesion by greater than 70%, suggesting that L11 could block CD43
interaction with an upregulated (thus far unidentified) CD43of different hematopoietic cells.40-44 In addition, others have

shown that certain anti-CD43 MoAbs exert a modest co- ligand in inflamed PLN or could potentially interfere with
activating steps involved in HEV recognition. It is unlikelystimulatory effect on T cells and several are capable of di-

rectly stimulating T-lymphocyte proliferation.40,41,45 San- that L11 blocks L-selectin–mediated adhesion because we
have previously shown that L11 also blocks lymphocyte-chez-Mateos et al46 have suggested that CD43 has a

regulatory role on both integrin-mediated T-cell adhesion HEV recognition, but does not inhibit L-selectin–mediated
rolling on purified PNAd.6and cellular morphology. They have found that CD43 may

function as a positive signaling molecule for some specific Monocytes and the monocytoid cell line WEHI78/24 also
bind better to endothelium of aortic segments isolated fromadhesion receptors such as b1 and b2 integrins, but not for

E-selectin. Thus, it is possible that a physiologic ligand, cholesterol-fed as opposed to normal rabbits.11 A combina-
tion of MoAbs capable of blocking L-selectin, a4 integrinmimicked by anti-CD43 MoAbs, may transduce activation

signals to specific adhesion receptors. In fact, CD43 has a and b2-integrin–dependent adhesion inhibited this enhanced
binding by onlyÉ40%, suggesting that additional moleculeshighly conserved cytoplasmic tail,47 which appears to be

required for CD43-mediated enhancement of antigen-spe- also contribute to this interaction. Pretreatment of the
WEHI78/24 cells with L11 alone blocked WEHI78/24 cellcific T-cell activation,42 and cross-linking of CD43 by spe-

cific MoAbs can result in generation of certain second mes- binding by more than 50%. Addition of L11 to the cocktail
described above resulted in blocking of more than 75% ofsengers, calcium mobilization, activation of second protein

kinase C, and induction of homotypic adhesion40,41,43,48,49 fur- binding indicating that CD43 can participate in or modulate
one or more adhesion mechanism that acts independently ofther supporting an active, potentially signaling role for CD43

in T-cell activation. or in parallel with L-selectin, a4 integrin and b2 integrins.
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D, Metzler B, Dietrich H, Xu Q, Wick G: Atherosclerosis as anWe conclude that anti-CD43 MoAb L11 blocks monocyte
autoimmune condition. Isr J Med Sci 31:596, 1995adhesion to activated endothelium in several ex vivo and in

9. Ross R: The pathogenesis of atherosclerosis: A perspective forvivo models. A number of potential mechanisms for this
the 1990s. Nature 362:801, 1993function may be considered. L11 failed to block WEHI78/

10. McEvoy LM, Sun H, Tsao PS, Cooke JP, Berliner J, Butcher24 binding to P- and E-selectin indicating that the CD43-
EC: Novel vascular molecule involved in monocyte adhesion to

dependent adhesive activity is not mediated through interac- aortic endothelium in models of atherogenesis. J Exp Med 185:2069,
tion with these vascular selectins. In addition, L11 had no 1997
effect on WEHI78/24 binding to ICAM-1 transfectants, 11. Tsao PS, McEvoy LM, Drexler H, Butcher EC, Cooke JP:
which appeared almost entirely b2-integrin–dependent. To- Enhanced endothelial adhesiveness in hypercholesterolemia is atten-

uated by L-arginine. Circulation 89:2176, 1994gether these results render it unlikely that L11 is inducing a
12. Walker EB, Lanier LL, Warner NL: Characterization andpassive barrier activity of CD43. Furthermore, inhibition of

functional properties of tumor cell lines in accessory cell replacementT cell50 and WEHI78/24 binding to lymph node HEV re-
assays. J Immunol 128:852, 1982quires divalent antibody. In view of published studies show-

13. Stamper HB, Jr, Woodruff JJ: An in vitro model of lympho-ing that cross-linking by other anti-CD43 MoAbs elicits ad-
cyte homing. I. Characterization of the interaction between thoracichesion and proadhesive intracellular signals, our data
duct lymphocytes and specialized high-endothelial venules of lymph

suggests that CD43 may serve as a molecular switch, dynam- nodes. J Immunol 119:772, 1977
ically modulating leukocyte activation and adhesion; how- 14. Butcher EC, Scollay RG, Weissman IL: Lymphocyte adher-
ever, our results do not exclude involvement of a previously ence to high endothelial venules: Characterization of a modified in
unidentified vascular ligand for CD43, with CD43-endothe- vitro assay, and examination of the binding of syngeneic and alloge-

neic lymphocyte populations. J Immunol 123:1996, 1979lial interaction representing an additional step in the
15. McEvoy LM: In vitro assays of leukocyte-endothelial adhe-multistep process of monocyte interactions. In summary, the

sion, in Weir D, Herzenber L (eds): Handbook of Experimentalpresent findings suggest the potential for CD43 to participate
Immunology (ed 5). Palo Alto, CA, Blackwell Scientific, 1995, pin the regulation of monocyte adhesion in atherogenesis, as
70.1well as in other settings of inflammation, and define CD43

16. Butcher EC, Ford WL: Following cellular traffic: Methods ofas a novel target for experimental (and potentially for thera-
labeling lymphocytes and other cells to trace their migration in vivo,

peutic) manipulation of monocyte traffic. in Weir D, Herzenber L (eds): Handbook of Experimental Immunol-
ogy (ed 4). Palo Alto, Blackwell Scientific Publishers, 1986, p 57.1
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