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Abstract

Neutrophil (PMN) infiltration into tissues is a hallmark of acute inflammation and is crucial for the
rapid removal of microbial pathogens. Previous studies have shown that PMN transmigration is
regulated by the cell surface protein CD47. However this phenomenon in the context of microbial
invasion and subsequent TLR signaling is poorly understood. In this study, we assessed the role of
TLR2 and CDA47 costimulation in regulating PMN transmigration. Human PMN transmigration
across acellular collagen-coated filters toward the bacterial chemoattractant fMLP was more
significantly inhibited by MALP-2 (TLR2/6 agonist) than Pam3CSK, (TLR2/1 agonist). Subsequent
experiments demonstrated that treatment with MALP-2 or anti-human CD47 mAbs delayed human
PMN transfilter migration, while combined treatment led to further delayed inhibition. Interestingly,
stimulation of PMNs with MALP-2 resulted in an increase in surface expression of CD11b, but not
CDA47. In experiments addressing the role of TLR agonists in regulating CD47-mediated PMN
transmigration, incubation with MALP-2 or with anti-mouse CD47 mAbs did not inhibit transfilter
migration of TLR2~/~ or MyD88~/~-deficient murine bone marrow-derived PMNSs. Similarly,
inhibition of MyD88 homodimerization reversed the attenuation of human PMN transmigration
induced by MALP-2 or anti-human CD47 mAbs. Separate experiments demonstrated that
CD47~~ murine bone marrow-derived PMNs exhibited 4-fold decreased sensitivity toward
MALP-2. Collectively, these findings suggest that activation of CD47 signaling enhances PMN
sensitivity toward TLR2 activation which, in turn, signals their arrival at a site of invasion and may
facilitate antimicrobial function.

Neutrophils (PMN5)3 play a central role in host defense by migrating to the site of infection
and eliminating pathogenic microorganisms. However, the release of proteolytic enzymes,
reactive oxygen species, and inflammatory mediators associated with PMN antimicrobial
function results in extensive tissue injury. Thus, the ensuing massive PMN infiltration is a
prevalent feature in a number of inflammatory conditions and correlates with disease severity
(1,2).
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During bacterial invasion, n-formylated chemotactic peptides such as fMLP are released from
bacterial cell walls and diffuse from the site of injury to the microcirculation forming a potent
chemoattractant gradient that stimulates the recruitment of PMNSs (3). In addition, bacteria and
other microbes release a variety of products, which contain specific pathogen-associated
molecular patterns (PAMPS) that are able to trigger a family of innate immune receptors also
known as TLRs (3,4). TLRs are expressed on all immune cells and are involved in the cellular
recognition of PAMPs such as mycoplasmal (TLR2/6) or bacterial (TLR2/1) lipoproteins, LPS
or LPS (TLR4), flagellin (TLR5), imidazoquinoline and viral compounds (TLR7), and
bacterial CpG DNA motifs (TLR9). Stimulation of TLRs subsequently leads to the activation
of an adaptor molecule termed MyD88, which triggers the activation of a downstream cascade
that culminates in the activation of NF-kB. NF-«B induces the production of inflammatory
cytokines and chemoattractants necessary to recruit other cells (5). Although it has been shown
that PMNSs express all TLRs except TLR3 (6), very few studies have yet to detail the role of
TLRs in these cells. Direct stimulation with LPS has been shown to enhance PMN migration
(7), and up-regulate cell surface CD11b/CD18, which can facilitate subsequent transmigration
(8,9). Conversely, others have reported that exposure of PMNs to TLR agonists resulted in
reduced chemotaxis and increased rate of phagocytosis and production of superoxide (6).
Despite these studies, many have not focused on how cell surface signaling events that regulate
PMN transmigration are influenced in the context of TLR activation, a condition that is likely
to occur during microbial invasion. Furthermore, studies have not focused on how TLR
activation regulates the rate or speed by which PMNSs reach their target. Indeed, it is ultimately
the kinetics of PMN migration that will determine the success or failure of the inflammatory
response.

The sequence of molecular events that occur during PMN migration remain incompletely
understood. Studies focusing on how receptor-ligand signaling interactions at the PMN surface
can fine-tune PMN transmigration and ultimately regulate inflammatory diseases remains
poorly understood. Previously, we and others have demonstrated that the ubiquitously
expressed Ig superfamily transmembrane glycoprotein termed CD47 (also known as integrin-
associated protein) has been shown to regulate the rate of PMN transmigration in mice infected
with bacteria as well as across cell monolayers and matrix (10-13). In addition, CD47 has been
implicated in multiple cellular functions such as a marker of self (14), platelet activation (15,
16), macrophage multinucleation (17), immune cell apoptosis (18), and dendritic cell
maturation (19). CD47 has been shown to associate with various molecules (thrombospondins,
integrins, and SIRPa) (20-22), however the CD47 signaling pathways have not been clearly
elucidated. Furthermore, the signaling mechanisms that regulate PMN transmigration remain
unclear, however past in vivo and in vitro studies suggest that CD47 acts as a fine-tuning
mechanism that regulates the rate of PMN transmigration and may facilitate recognition of
microbial pathogens (13,23,24).

In this study, we determined that activation of TLR2/6 by mycoplasmal lipopeptide potently
inhibits PMN transmigration. Furthermore, we describe a cross-talk mechanism by which
CDA47-mediated inhibition of PMN transmigration is dependent on TLR2 and MyD88, and that
CDA47 may facilitate PMN responses to mycoplasmal lipopeptide by acting as a microbial
sensor.

Materials and Methods

Reagents

Macrophage-activating lipopeptide-2 (MALP-2; S-(2,3-bis(Palmityloxy)-(2R)-propyl-
cysteinyl-GNNDESNISFKEK)) and Pam3CSK4 ((S)-(2,3-Bis(palmitoyloxy)-(2-RS)-propyl)-
N-palmitoyl-(R)-Cys-(S)-Ser-(S)-Lys4-OH-3HCI) were obtained from Alexis Biochemicals.
The leukocyte chemoattractant n-formyl-met-leu-phe and n-formyl-norleu-leu-phe were
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obtained from Sigma-Aldrich. C5D5 and PF3.1 functionally inhibitory anti-human CD47
murine mAbs (IgG1) were produced in our laboratory as previously reported (13,24). B6H12.2,
anti-human (mouse 1gG1) and miap301 anti-mouse (rat 1gG2a) CD47 functionally inhibitory
mADbs as well as respective isotype controls MOPC-21 (mouse IgG1) and R35-95 (rat 1gG2a)
were obtained from BD Biosciences. M1/70 functionally inhibitory anti-mouse (rat IgG2b)
CD11b and respective isotype control A95-1 (rat IgG2b) were obtained from BD Biosciences.
The MyD88 homodimerization inhibitor was obtained from Imgenex.

PMN isolation

Animals

Normal human PMNs were isolated as described previously (25) with approval from the Emory
University Institutional Review Board on human subjects. In brief, citrated peripheral blood
from healthy human volunteers was subjected to RBC dextran 500 (Amersham Biosciences)
sedimentation followed by density sedimentation using Ficoll-Paque (Amersham Biosciences)
as per the manufacturer’s instructions. The purified PMNSs were resuspended in calcium and
magnesium-free HBSS containing 0.4g/l KCI, 0.06g/l KH,PO4, 0.35g/ NaHCO3, 8.0g/I NaCl,
0.048g/l Na;HPOy, 1.0g/l glucose, and 10 mM HEPES at 4°C. For all experiments, PMNs
were suspended in HBSS containing 0.185g/l CaCl,*2H,0 and 0.098g/l MgSO4. PMN purity
was >99% as assessed by differential staining with Diff-Quik (Dade-Behring).

C57BL/6 mice were obtained from The Jackson Laboratory. TLR27~ and MyD88~/~ mice
were generously provided by Drs. Andrew Gewirtz and Melanie Sherman (Emory University,
Atlanta, GA). TLR2~~ and MyD88/~ mice were produced on a C57BL/6 background as
previously described (26,27). All experimental procedures using mice were reviewed and
approved by the Emory University Institutional Animal Care and Use Committee and were
performed according to the National Institutes of Health criteria.

Murine bone marrow PMN isolation

The femurs and tibia were removed from mice that were euthanized with isoflurane (Novaplus).
Bone marrow cells were flushed from the bones using ice cold 0.38% sodium citrate in HBSS
(0.4g/1 KCI, 0.06g/l KH,PQy4, 0.35g/I NaHCO3, 8.0g/l NaCl, 0.048g/l NayHPOy4, 1.0g/I
glucose, and 10 mM HEPES (pH 7.4)) without Ca?* and Mg?*. Cells were pelleted with
centrifugation at 200 x g for 10 min at 4°C. Erythrocytes were lysed with 5 ml hypotonic buffer
(8.2g/1 NH4CI, 19/l NaHCO3, 0.038g/I EDTA) for 2 min on ice followed by addition of 45 mi
of ice cold HBSS without Ca2* and Mg2*. Cells were pelleted with centrifugation at 200 x g
for 10 min at 4°C, were washed and resuspended in ice-cold HBSS without Ca2* and Mg?2*.
Given that isolation of PMNs from murine bone marrow is both costly and difficult, especially
from the transgenic animals, semipure bone marrow-derived PMNs were used in the
transmigration experiments. The semipure bone marrow cell preparations were stained
specifically for Ly6G (clone 1A8; BD Biosciences), a PMN surface marker (28,29), followed
by flow cytometric analysis to assess purity which was determined to be 43.1 + 2.0% PMNs.

PMN transfilter migration

PMN transmigration experiments were performed with Transwells (Corning) consisting of 5-
pm pore-sized filters coated with collagen | as described previously (25). In brief, PMNs (1 x
108 purified human or 5 x 10% semipure murine) were added to the upper reservoir and were
induced to migrate toward the lower reservoir containing 10~/M fMLP (human) or 1075M

fNLP (murine) at 37°C. Atthe end of the indicated time, migrated PMNSs in the lower reservoirs
and unmigrated PMNs in the upper reservoirs were quantified by assaying for myeloperoxidase
(30). PMN migration into the lower reservoirs is expressed as a percentage of total applied
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PMNSs per Transwell. For the animal experiments, 84 = 2.4% PMNs migrated through the
Transwells while 22.7 £ 0.8% PMNs remained in the upper chamber.

Flow cytometry

PMNs (106) were labeled with 5 pug/ml PE-conjugated B6H12.2 (anti-CD47), M1/70 (anti-
CD11b), fluorescein-conjugated anti-Ly6G, or respective isotype controls for 45 min at 4°C
in a sterile 96-well round-bottom plate. Cells were washed three times with ice cold HBSS and
fixed in 2% paraformaldehyde for 1 h at 4°C. Surface expression of human CD47 and CD11b
was assessed using CellQuest analysis software on a FACScalibur flow cytometer.

Statistical analysis

Results were expressed as means £ SEM and compared by one-way ANOVA, followed by
Tukey’s test for multiple comparison analysis where applicable. Statistical significance was
established at p < 0.05.

Results

Activation of TLR2/6 inhibits PMN transmigration

Given that PMNs play an important role in host defense, we sought to determine how microbial
products may regulate PMN transmigration. For these studies, we initially examined the effects
of bacterial or mycoplasmal lipoproteins that activate TLR2/1 or TLR2/6, respectively. Purified
human PMNs were pretreated with either the specific TLR2/1 agonist Pam3CSK4, or the
specific TLR2/6 agonist MALP-2, and then they were assayed for transmigration across
collagen-coated filters. To simulate an inflammatory environment, either Pam3zCSK4 or
MALP-2 were added to both the upper and lower compartments of the Transwells, and then
PMN transmigration was elicited upon addition of fMLP to the lower compartment. As shown
in Fig. 1A, MALP-2 significantly inhibited migration at concentrations as low as 31 ng/ml
(14.5 nM) as compared with Pam3CSK, which exhibits inhibitory activity at 500 ng/ml.
Furthermore, MALP-2 inhibited PMN transmigration >50% at 125 ng/ml (Fig. 1A).

Because we measured PMN transmigration by assessing myeloperoxidase activity, we
considered the possibility that TLR2 activation may enhance degranulation, which could lead
to underestimation of transmigrated PMNs after MALP-2 treatment. To address this concern,
we assayed for myeloperoxidase activity (percentage of applied PMNS) in supernatants from
isolated human peripheral blood PMNs which were treated with HBSS vehicle (1.2 £ 0.2%),
1075M fMLP (1.3 + 0.4%), 125 ng/ml MALP-2 (1.3 + 0.3%), 10~5M fMLP plus 125 ng/ml
MALP-2 (1.5 + 0.3%), 5 ug/ml cytochalasin B plus 1075M fMLP (16.3 + 3.0%), or 1% Triton
X-100 (100%). From this separate experiment, it is apparent that TLR2 stimulation does not
appreciably induce PMN azurophilic degranulation as compared with baseline stimulation with
HBSS vehicle control, mobilization of the actin cytoskeleton for granule release by
cytochalasin B or to nonspecific cell lysis with the nonionic detergent Triton X-100. Therefore,
we used PMN myeloperoxidase contents as the method of quantifying PMN transmigration
for the remainder of our study.

Next, we performed experiments to confirm that the potent inhibitory effects of MALP-2 are
attributable to TLR2 activation. For these experiments, we obtained semipure preparations of
bone marrow-derived PMNs from C57BL/6 wild-type and TLR2~/~ mice and pretreated them
with MALP-2 at a concentration which exhibits maximal inhibitory effects (125 ng/ml). As

shown in Fig. 1B, pretreatment with 125 ng/ml MALP-2 inhibited C57BL/6 wild-type PMN

transmigration by ~50% as compared with TLR2~~ PMNs pretreated in the same manner. In
a similar fashion observed with human PMNSs, pretreatment with 125 ng/ml Pam3CSK4 failed
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to significantly inhibit murine PMN transmigration (Fig. 1B). These results suggest that
activation of TLR2 by mycoplasmal lipoproteins potently inhibit PMN transmigration.

Activation of TLR2/6 or ligation of CD47 similarly inhibit PMN transmigration

Although previous studies have determined that CD47 on PMNSs significantly regulate PMN
transmigration (12,13,24), the relevance of this phenomenon in the context of microbial
invasion has not been explored. Given that the above data suggest that MALP-2 potently
inhibits PMN transmigration, we further examined whether this effect may influence the
inhibitory effect of CD47 ligation. As shown in Fig. 2A, incubation with MALP-2 and anti-
CD47 Abs, similarly inhibited human PMN transmigration across collagen-coated filters by
~50%. Furthermore, combined treatment with MALP-2 and anti-CD47 Abs blocked human
PMN transmigration by ~90% (Fig. 2A).

To determine whether the combined treatment with MALP-2 and anti-CD47 Abs is inducing
further inhibitory effects by enhancing CD47 surface expression and producing more epitopes
available for Ab binding, human PMNSs were pretreated with MALP-2, immunostained for
CD47, and then subjected to flow cytometric analysis. As shown in Fig. 2B, pretreatment with
MALP-2 failed to increase CD47 surface expression. However, pretreatment with MALP-2
enhanced the surface expression of CD11b, a crucial B, integrin, which regulates leukocyte
adhesion and migration (Fig. 2B). These results suggest that the inhibition of PMN
transmigration induced by combined treatment with MALP-2 and anti-CD47 Abs is not due
to the increase in surface CD47 expression. Instead, these results suggest that activation of
TLR2 with MALP-2 and ligation of CD47 induces signaling events that may be independent
or that may converge and combine to inhibit PMN transmigration.

CD47 ligation is dependent on TLR2 and MyD88 signaling

To explore the possibility that TLR2 activation and CD47 ligation may share similar signaling
pathways, PMN transmigration assays were performed on semipure murine bone marrow-
derived PMNSs that were isolated from C57BL/6 wild-type, TLR27~, and MyD88~/~ mice. In
a similar manner exhibited by human PMNs, C57BL/6 wild-type PMN transmigration across
collagen-coated filters were similarly inhibited after individual or combined treatment with
MALP-2 and anti-CD47 Ab (Fig. 3A). As expected, the inhibitory effect of MALP-2 on wild-
type PMNs was reversed when the same assay was performed on TLR2 7~ and MyD88 '~ mice
(Fig. 3, B and C). However, both TLR2/~ and MyD88~/~ PMNs did not respond to CD47
ligation and migrated across collagen-coated filters in a similar manner to their respective
vehicle-treated control PMNSs (Fig. 3, B and C). To demonstrate whether this phenomenon is
restricted to CD47, the experiments were internally controlled by assaying for PMN
transmigration in the presence or absence of anti-CD11b Abs. As shown in Fig. 3D, individual
or combined treatment with MALP-2 or anti-CD11b Abs completely blocked wild-type PMN
transmigration. Furthermore, anti-CD11b Abs still retained their ability to inhibit TLR2/~and
MyD88~~ PMN transmigration regardless of the presence of MALP-2 (Fig. 3, E and F).

To further confirm that the inhibition of PMN transmigration by anti-CD47 Abs is dependent
on MyD88, human PMNs were pretreated with an MyD88 homodimerization inhibitor (31).

Asshown in Fig. 3G, inhibition of MyD88 reversed the decrease in human PMN transmigration
induced by MALP-2 and by anti-CD47 Abs. These results strongly suggest that the inhibition
of PMN transmigration induced by CDA47 ligation is dependent on TLR2 and MyD88 signaling.

CDA47 enhances TLR2 activation

Because our results strongly suggest that inhibition of PMN transmigration by anti-CD47 Abs
is dependent on TLR2 and MyD88, we further explored the possibility whether a cross-talk
mechanism exists between CD47 and TLR2 signaling. For these experiments, semipure bone
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marrow-derived PMNs were isolated from CD47 /- mice and were pretreated with 125 ng/ml
MALP-2. As shown in Fig. 4, CD47~/~ PMNss still retained their ability to respond to MALP-2
and exhibited similar inhibition as wild-type PMNSs treated in the same manner. However,
untreated CD47~/~ PMN's consistently migrated at a significantly higher rate as compared with
wild-type PMNs (Fig. 4). Given this data, we rationalized that the MALP-2 concentration (125
ng/ml) was too high and may be saturating the transmigration response of CD47/~ PMNss as
compared with wild-type controls. To further investigate this phenomenon, we performed dose
response experiments to determine whether CD47~~ PMNSs may exhibit different sensitivities
to MALP-2. As shown in Fig. 5A, wild-type PMNSs retained sensitivity to MALP-2 at 8 ng/ml.
However, CD47~/~ PMN transmigration was inhibited at a 4-fold higher dose of 31 ng/ml
MALP-2 (Fig. 5B). These results suggest that CD47 is necessary for the action of MALP-2 on
PMN migration and that the inhibitory effect of anti-CD47 Abs on PMN transmigration is
dependent on surface CD47 cross-linking but not on blocking potential adhesion interactions
with the substratum. Furthermore, given that we used semipure bone marrow-derived murine
PMN preparations as discussed in the Materials and Methods, it was determined that the purity
of transmigrated cells was 84 + 2.4% PMNs in the bottom chamber of our Transwell assays.
These findings indicate for the most part that the murine transmigration results obtained are
mostly PMN specific and parallel the results of our human PMN experiments.

Discussion

In this study, we report a novel mechanism by which CD47 and TLR2 signaling undergo cross-
talk to regulate PMN transmigration. Our data suggests that activation of TLR2/6 by
mycoplasmally derived MALP-2 potently inhibits human and murine PMN transmigration.
Further investigation into the role of microbial activation on influencing other signaling
pathways that mediate PMN transmigration revealed that combined pretreatment with
MALP-2 and anti-CD47 mAbs almost completely blocked human and murine PMN
transmigration. Pretreatment with MALP-2 increased cell surface expression of CD11b, but
did not affect CD47 levels in human PMNs as determined by flow cytometry. Although
MALP-2 and/or anti-CD47 mAbs blocked wild-type PMN transmigration, specificity of
response was confirmed as they failed to inhibit TLR2~~and MyD88~~ PMN transmigration.
Furthermore, the inhibitory effects of anti-CD11b mAbs were unaffected in transmigration
assays of wild-type, TLR27/~, and MyD88~/~ PMN. Verification in human PMNs revealed
that pretreatment with a MyD88 homodimerization peptide inhibitor reversed the inhibition of
transmigration by MALP-2 or anti-CD47 mAbs. We further report that although CD47 7/~ PMN
transmigration was significantly higher than that of wild-type PMNs, no difference in the
degree of inhibition was observed upon MALP-2 treatment. Further investigation using
different MALP-2 concentrations revealed that CD47~/~ PMN transmigration is inhibited at
4-fold higher levels than that of wild-type PMNs. To our knowledge, this is the first report
demonstrating cross-talk between CD47 and TLR2 signaling.

Invasion by microbial pathogens at mucosal surfaces elicits the infiltration of PMNs, which
subsequently use potent effector mechanisms such as phagocytosis, production of reactive
oxygen species, and release of inflammatory mediators and antimicrobial agents to eliminate
pathogens. Within this inflammatory milieu, PMNSs detect the presence of microbial pathogens
and their products via TLRs. Although it is clear that PMN migration is essential to host
defense, it is unclear how microbial-derived TLR activation affects this process. Thus, we
characterized the effects of TLR activation on PMN transmigration. In the present study, we
found that the TLR2-specific agonist MALP-2 possesses potent inhibitory activity as low as
31 ng/ml on PMN migration. In contrast, the bacterially derived lipoprotein PamzCSK,
inhibited PMN transmigration at a much higher concentration of 500 ng/ml. Thus, MALP-2
appears to display a higher inhibitory effect than Pam3CSKj,. Furthermore, we also found that
lipoprotein-free LPS recognized by TLR4 as high as 1000 ng/ml does not significantly inhibit
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PMN migration (data not shown), suggesting that this process may depend on lipopeptide and/
or TLR2.

TLR2 is a pleiotropic receptor able to bind PAMPs as various as lipoteichoic acid of Gram-
positive bacteria, yeast zymosan, or bacterial lipopeptides (4,5). TLR2 needs to be associated
in heterodimers to recognize some of its ligands such as lipopeptide whereby its specificity is
controlled by TLR1 and TLR6 (32-34). Although it has been previously described that
diacylated lipopeptides such as MALP-2 are recognized by the pair TLR2/TLR6, whereas
triacylated lipopeptides such as Pam3CSK, binds to TLR2/TLR1, the model appears to be
much more complex than previously envisioned. Indeed, some lipopeptides are able to be
recognized by TLR2 without TLR1 or TLR6 (35). Regardless of the PMN sensitivity
differences between MALP-2 and Pam3CSKy, these results suggest that PMNs are able to sense
ng/ml quantities of microbial products and further studies will determine the signaling
pathways that drive PMN responses to MALP-2 and Pam3CSK.

Previously, we and others have demonstrated that PMN transmigration across cell monolayers
and matrix is inhibited by CD47 ligation by mAbs (12,13,24). However, the mechanisms of
this inhibition have not been elucidated. In the present study, we explored the possible link
between PMN recruitment and CD47 in the context of microbial invasion or TLR activation.
Given that MALP-2 potently inhibited PMN transmigration, we specifically focused on TLR2
activation in our experiments. The results indicate that TLR27/~ and MyD88~/~ PMN
transmigration is not affected by CDA47 ligation. Similarly, inhibition of MyD88
homodimerization reversed the inhibition of human PMN transmigration induced by CD47
ligation. In vitro activation of TLR2 did not enhance the PMN surface expression of CD47, in
contrast to CD11b (36). Interestingly, CD11b ligation resulted in a delayed migratory response
in TLR27/~ and MyD88~/~ PMNS. Perhaps the sustained inhibition of PMN migration by
CD11b requires costimulation of an intact TLR2 signaling pathway. Nevertheless, the
inhibitory or delayed effect induced by anti-CD11b Abs was not different in TLR2/~ and
MyD88~/~ PMNs. Taken together, our results indicate that different mechanisms govern
TLR2-CD47 and TLR2-CD11b signaling, and while further studies will need to elucidate the
divergent role of TLR2 activation in regulating these two signaling pathways, our present
results suggest that CD47 signaling may be triggered by TLR agonists. Previously, it was
shown that heterodimerization of TLR2 with TLR1 or TLR6 induces MyD88
homodimerization (37). In our study we found that MyD88 was necessary for the inhibition
of PMN transmigration by either MALP-2, or anti-CD47. Furthermore, anti-CD47 did not have
any effect on MyD88~/~ or TLR2~~ PMNs. Taken together, these results suggest that MyD88
is necessary for the crosstalk between TLR2 and CD47. MyD88 is a key adaptor used by all
TLRs except TLR3. This adaptor activates NF-xB, JNK, and p38 through TRAF6 (38). If
MyD88 is necessary for the cross-talk between TLR2 and CD47, this suggests that these
molecules may take part in a signaling complex to enhance antimicrobial function. Indeed,
cross-talk mechanisms between TLR2 and other sensor proteins have been described
extensively (39). TLR2 may cooperate with other innate receptors such as NOD2 via protein
kinase RICK (40) and dectin-1 through Syk kinase (41), display cross-talk with tyrosine kinases
or phosphatases (39), interact with inhibitory TAM receptors (Tyro3, Axl, and Mer) or SHP1
(42,43), or be modified by ubiquitination (39) such as A20, which is necessary to down-regulate
the homeostatic signals initiated by commensal flora (44). Further investigations will focus on
the molecular interactions between CD47, TLR2, and MyD88.

Currently, little is known about the signaling pathway(s) used by CD47. Past studies attempted
to link CD47 signaling with pertussis toxin-sensitive G; protein coupling (45). However, in
our laboratory we were unable to link CD47-mediated inhibition of PMN transmigration with
G proteins or with pertussis-sensitive signaling (data not shown). Furthermore, it was unclear
whether our earlier observations were due to anti-CD47 Abs inhibiting PMN migration by
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blocking interactions with the surface or whether they were inducing cross-linking and
activating CD47 signaling pathways. In the present report, we demonstrate the latter and that
CD47-deficient PMNs exhibited enhanced transmigration as compared with wild-type PMNs.
Therefore, we hypothesized that CD47 may be important in fine-tuning TLR2 signaling. To
address this phenomenon, we determined whether CD47-deficient PMNs may exhibit
decreased sensitivity to MALP-2. Indeed, the results shown herein demonstrate that CD47-
deficient PMNs exhibit decreased sensitivity to MALP-2 and require 4-fold higher
concentrations of MALP-2 to achieve inhibition of PMN transmigration. The impaired
response exhibited by CD47~/~ PMNs to MALP-2 shown in our study may provide a possible
explanation of why CD47-deficient mice exhibit delayed PMN recruitment and succumb to
bacterial peritonitis (23). In a similar manner, a recent study has reported decreased numbers
of PMNSs in the air spaces of CD47-deficient mice subjected to LPS-induced acute lung injury
and Escherichia coli pneumonia (11). Furthermore, in a model of Staphylococcus aureus-
induced arthritis, CD47~/~ mice are also more resistant to arthritis probably because of the
delayed migration of PMNSs to the site of infection (10). Another previous study found that
during infection of human brain microvascular endothelial cells by Cryptococcus
neoformans, CD47 expression was increased between 4 and 12 h postinfection, suggesting that
CD47 expression is indeed regulated in response to pathogens (46). Although a growing
number of studies indicate that CD47 plays a key role in PMN infiltration, the mechanisms
driving this response remain poorly understood. Based on our observations described herein,
it is postulated that CD47 may somehow stabilize TLR2 expression at the cell surface.
Additional experiments will need to determine whether CD47, TLR2, and MyD88 interact
through an intermolecular manner or through intermediate signaling proteins.

In summary, this study demonstrates that TLR2 and CD47 exhibit cross-talk mechanisms
through an MyD88-dependent manner to regulate PMN transmigration. We postulate that
CDA47 may act as a fine-tuning mechanism by regulating TLR2 function and ultimately PMN
transmigration and antimicrobial function. Further characterization of CD47-mediated PMN
transmigration may prove to be useful in generating therapeutic strategies aimed at controlling
acute inflammatory conditions.
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FIGURE 1.

TLR2/6 (MALP-2) exhibits more potent inhibition of PMN transmigration than TLR2/1
(Pam3CSKy). A, Purified human PMNs were incubated with MALP-2 and Pam3CSK at
various concentrations for 15 min at 37°C and then induced to migrate across acelllular
collagen-coated filters in the presence of an fMLP gradient. Values are means £ SEM, n = 3
per group. *, p< 0.05 vs control (PMNs incubated in HBSS). B, Purified murine bone marrow-
derived PMNss isolated from C57BL/6 wild-type, TLR27/~, and MyD88~/~ mice were
incubated with 500 ng/ml MALP-2 or Pam3CSKy4 for 15 min at 37°C, and then induced to
migrate across acellular collagen-coated filters in the presence of an fNLP gradient. Values are
means + SEM, n = 3 per group. *, p< 0.05 vs control (PMNs incubated in HBSS medium).
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FIGURE 2.

TLR2/6 activation and CDA47 ligation block PMN transmigration without affecting CD47

surface expression. A, Purified human PMNs were incubated with 125 ng/ml MALP-2 and/or
20 pg/ml anti-human CD47 mAbs (C5D5) for 15 min at 37°C, and then induced to migrate in
the presence of a fMLP gradient across acellular collagen-coated filters. Values are means +
SEM, n =3 per group. *, p< 0.05 vs control (PMNs incubated in HBSS medium). B, Purified
human PMNSs were incubated with either HBSS medium (dashed line) or 125 ng/ml MALP-2
(solid line) for 15 min at 37°C, stained for CD11b or CD47, and then analyzed for surface

expression via flow cytometry.
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FIGURE 3.

CD47-mediated inhibition of PMN transmigration is dependent on TLR2 and MyD88. A-C,
Purified murine bone marrow-derived PMNs isolated from C57BL/6 wild-type, TLR27/~, and
MyD88~/~ mice were incubated with 20 pg/ml anti-murine CD47 mAbs (miap301) for 15 min
at 37°C, and then induced to migrate across acellular collagen-coated filters in the presence of
an fNLP gradient. Values are means + SEM, n = 3 per group. *, p< 0.05 vs control (PMNs
incubated with isotype control). D—F, Purified murine bone marrow-derived PMNs isolated
from C57BL/6 wild-type, TLR27/~, and MyD88~/~ mice were incubated with 20 pg/ml anti-
murine CD11b mAbs (M1/70) for 15 min at 37°C, and then induced to migrate across acellular
collagen-coated filters in the presence of an fNLP gradient. Values are means + SEM, n=3
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per group. *, p< 0.05 vs control (PMNs incubated with isotype control). G, Purified human
PMNs were pretreated with an MyD88 homodimerization inhibitor or control peptide for 30
min at 37°C followed by incubation with 125 ng/ml MALP-2 or 20 pg/ml anti-human CD47
mADbs (C5D5) for 15 min at 37°C. PMNs were induced to migrate across acellular collagen-
coated filters in the presence of an fMLP gradient for 1 h. Values are means £ SEM, n = 3 per
group. *, p< 0.05 vs control (PMNs pretreated with control peptide followed by HBSS
medium); **, p< 0.05 vs PMN's pretreated with control peptide followed by MALP-2; Tp< 0.05
vs PMNs pretreated with control peptide followed by anti-human CD47 mAbs (C5D5).
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FIGURE 4.

CDA477/~ murine PMNs exhibit increased PMN transmigration. Purified murine bone marrow-
derived PMNSs isolated from C57BL/6 wild-type, or CD47~/~ mice were incubated with 125
ng/ml MALP-2 for 15 min at 37°C, and then induced to migrate across acellular collagen-
coated filters in the presence of an fNLP gradient. VValues are means £ SEM, n = 3 per group.
*, p< 0.05 vs control (wild-type PMNSs incubated in HBSS medium).
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FIGURE 5.

CDA477"~ murine PMNs exhibit decreased sensitivity to MALP-2. Purified murine bone
marrow-derived PMNs isolated from wild-type C57BL/6 (A) or CD47~/~ (B) mice were
incubated with various concentrations of MALP-2 for 15 min at 37°C, and then induced to
migrate across acellular collagen-coated filters in the presence of an fNLP gradient. Values are
means + SEM, n = 3 per group. *, p< 0.05 vs control (PMNs incubated in HBSS medium).
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