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Abstract—Infiltrating leukocytes are exposed to a wide range
of tissue elasticities. While we know the effects of substrate
elasticity on acute inflammation via the study of neutrophil
migration, we do not know its effects on leukocytes that
direct chronic inflammatory events. Here, we studied mor-
phology and motility of macrophages, the innate immune
cells that orchestrate acute and chronic inflammation, on
polyacrylamide hydrogels that mimicked a wide range of
tissue elasticities. As expected, we found that macrophage
spreading area increased as substrate elasticity increased.
Unexpectedly, we found that morphology did not inversely
correlate with motility. In fact, velocity of steady-state
macrophages remained unaffected by substrate elasticity,
while velocity of biologically stimulated macrophages was
limited on stiff substrates. We also found that the lack of
motility on stiff substrates was due to a lack of lipid rafts on
the leading edge of the macrophages. This study implicates
lipid rafts in the mechanosensory mechanism of innate
immune cell infiltration.

Keywords—Elasticity, Stiffness, Migration, Innate immunity,

Cell-mediated inflammation, Morphology, Cholesterol,
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INTRODUCTION

Leukocytes are present in every healthy and dis-
eased tissue and are exposed to a varied range of tissue
elasticities. For example, leukocytes present in adipose
tissue experience 17 Pa of elasticity, whereas leuko-
cytes present in tendons experience 310 MPa of elas-
ticity.18 Even within an organ system, elasticities of
tissue are extremely diverse.5 In the rat central nervous
system, brain parenchyma is about 1 kPa while spinal
cord parenchyma is about 27 kPa.18 Furthermore,
clinical studies have recently showed that these healthy

tissue elasticities are adversely affected by disease.36

In vitro studies suggest that tissue elasticity alters as a
result of disease states and directs neuron plastic-
ity,25,26 fibroblast migration,19 and cardiomyocyte
beating.6

Recent studies have also showed that tissue elastic-
ity directs leukocytes migration12,13,22,29 an initial
inflammatory event for recruitment of leukocytes to
the site of tissue damage.7,10 For example, Oakes
et al.22 found that neutrophils migrated faster on soft
gels, but more persistently and over longer distances on
stiff substrates and Stroka et al.29 found that neutro-
phil migration was biphasic with optimal elasticity
migration dependent upon ligand concentration.
However, these findings contradicted Jannat et al.’s
findings, which showed neutrophil migration was
unaffected by substrate elasticity unless a chemoat-
tractant gradient is applied.12,13 Regardless of the
discrepancies among studies, which are most likely due
to differences in the ranges of elasticities evaluated,
these data all suggest that migration of leukocytes
involved in acute inflammation (i.e. neutrophils) is
elasticity dependent. However, investigations on elas-
ticity-mediated migration of leukocytes involved in
chronic inflammation (i.e. macrophages) are limited.

The cytoskeleton and associated proteins are known
to regulate elasticity-mediated migration and overall
morphology of cells.2,19,37 Yet, the role of lipid rafts,
which also promote migration and regulate the cyto-
skeleton,17,35 in elasticity-mediated events is not yet
been elucidated. Lipid rafts are microdomains found in
plasma membranes that contain high concentrations of
cholesterol and glycosphingolipids. They have been
shown to promote migration of non-small cell lung
cancer,14 melanoma,33 and intestinal epithelial cells32

via cytoskeleton regulation. One report showed that
the depletion of lipid rafts inhibited small cell lung
cancer migration by inhibiting phosphorylation of key
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regulatory cytoskeletal proteins.14 Another report
showed that lipid rafts mediated integrin b1 internali-
zation in migrating intestinal epithelial cells.32 Inter-
estingly, another report showed that lipid raft content
modulated cell elasticity,3 suggesting that lipid rafts
play a role in mechanotransduction. Collectively, these
studies support the relationship between lipid rafts,
cytoskeleton, and cell elasticity and strongly suggest an
integral role for lipid rafts in the regulation of elas-
ticity-mediated migration.

In this study, we elucidated the role of lipid rafts in
macrophage motility on elastic substrates to reveal the
influences of biophysical cues on leukocytes involved
in chronic inflammation and define new mechanosen-
sing mechanisms. We hypothesized that lipid raft
depletion limits macrophage motility on stiff sub-
strates, which represent diseased tissues. To test this
hypothesis, peripheral macrophages were grown on
polyacrylamide gels that mimicked the elasticities of
diseased and healthy tissues. Since macrophages are
initially in a steady-state and become activated by
harmful biological stimulants, macrophages were
grown in both a steady state and a stimulated state to
best understand how the two macrophage states
respond to biophysical cues. Time-lapse images were
taken and velocities and trajectories were measured.
To determine the involvement of lipid rafts in elastic-
ity-mediated motility, lipid raft formation was inhib-
ited and macrophage motility was measured. This
study suggests that elasticity-mediated lipid raft
depletion governs migratory events.

MATERIALS AND METHODS

Polyacrylamide Hydrogel Preparation
and Functionalization

0.3, 1, 6, 27, 47, 120, and 230 kPa polyacrylamide
hydrogels (gels) were prepared, as previously
described.24 Briefly, 12-mm round glass coverslips were
treated with (3-aminopropyl)-trimethoxysilane. After
3 min the coverslips were rinsed extensively. Next,
coverslips were treated with 0.05% glutaraldehyde for
30 min. 3, 4, 5, 8, 10, 15, and 20% acrylamide:bis-
acrylamide solutions were prepared with deionized
water and tetramethylethylenediamine (TEMED) and
ammonium persulfate (APS) was then added to solu-
tions to polymerize the gels. After adding APS and
TEMED but prior to polymerization, 25 ll of solution
was dispensed onto the treated coverslip. In order for
the topology to form evenly, a coverslip treated with
RainXTM (Houston, TX) was placed on top of each gel
and removed once the gel was polymerized. Gels were
allowed to polymerize for 10 min. Gels were

thoroughly rinsed with 0.2 M HEPES buffer, pH 8.5
for a minimum of 24 h to remove unpolymerized
acrylamide monomers. Finally, gels were sterilized for
30 min under UV light.

Inert gels were functionalized to allow for cell
adhesion. Twice, sulfo-SANPAH (0.315 mg/ml in
water; ProteoChem, Loves Park, IL) was placed on
each gel and the gels were exposed to UV light for
5 min. Gels were rinsed and incubated with poly-D-
lysine (0.2 mg/ml in water) for 60 min at room tem-
perature. Gels were then rinsed and equilibrated with
media for 30 min at 37 �C. Media was composed of
DMEM/F12 (Invitrogen, Carlsbad, CA) containing
10% fetal bovine serum and 1% penicillin/streptomy-
cin (P/S).

Bone Marrow-Derived Macrophage (BMM) Cultures

All animal protocols were approved by the Institu-
tional Animal Care and Use Committee, a shared
committee between Seton Hall University and the JFK
Neuroscience Institute at JFK Medical Center.
Monocytes were harvested and differentiated into
macrophages, as previously described.38 Briefly, bone
marrow cells were extracted from femurs and tibias
harvested from 12+-week old C57BL/6 mice. Cells
were plated onto petri dishes in BMM media supple-
mented with 20–40 ng/ml of macrophage-colonizing
stimulating factor (eBioscience, San Diego, CA).
Media was changed every 3 days. After 6–7 days, cells
were trypsinized, then plated onto gels and treated with
and without 10 ng/ml of lipopolysaccharide (LPS).
Cultures were maintained at 37 �C with 5% CO2.

Morphology and Lipid Raft Analysis

25,000 cells/cm2 were plated onto all gels. After
18–24 h, live images were captured using a TE200
microscope (Nikon, Tokyo, Japan) with a 109 objective,
a QI-Click digital CCD camera, and Q-Capture soft-
ware (Q-Imaging, Surrey, BC, Canada). Images were
analyzed using ImageJ software (NIH, Bethesda,
MD).24 Three random images per gel were captured and
images possessing gel defects were discarded in the
analysis process. Morphologically circular and noncir-
cular cells were defined in Fig. 1. The experimenter was
blinded during themeasurement process to prevent bias.

For lipid raft analysis, cells were fixed with 4%
paraformaldehyde for 15 min at room temperature.
Cells were then blocked with 5% normal goat serum in
PBS and stained with cholera toxin subunit B conju-
gated with Alexa 488 (Invitrogen). Gels were imaged at
the same exposure time with a 109 objective. Fluo-
rescence intensities were measured using ImageJ soft-
ware. Background was subtracted from the intensities
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and each biological replicate was normalized by the
average intensity of 0.3 kPa control conditions to
account for staining differences between experiments.
The experimenter was blinded during the measurement
process to prevent bias.

Motility Analysis

25,000–50,000 cells/cm2 were plated onto 0.3 and
230 kPa gels. For some LPS-treated cells, 1 mM of
methyl-beta-cyclodextrin (MbCD) was added to the
media at the time of plating. 15–30 min after plating,
images were captured in 30 s intervals for 30–60 min
with a 409 objective. ImageJ software compiled
sequences. Cell trajectories were traced and analyzed
using the ImageJ plugins ‘Manual Tracking’ and
‘Chemotaxis and Migration Tool’ (Ibidi, Verona, WI),
respectively. A fixed point on the gel, typically a gel
defect, was also tracked and any gel movement was
eliminated from the experimental values. Cell velocity
was measured as the average distance the cells traveled
over time. The experimenter was blinded during the
measurement process to prevent bias.

Statistical Analysis

Data was pooled from a minimum of three animals.
Excluding trajectory maps, data is presented on graphs

as mean ± SEM. *p< 0.05, **p< 0.01 and
***p< 0.001 as determined by Krustal–Wallis fol-
lowed by Dunn’s Multiple Comparison Test. Nsubtext

indicates the number of images, cells, or wells and the
subtext refers to the condition. Scale bars are 0.1 mm.

RESULTS

Since the effect of substrate elasticity on macro-
phage migration has not yet been studied, we first
evaluated morphology, velocity, and directionality of
both biologically stimulated (LPS-treated) and steady-
state (control) macrophages.

Macrophages Adopt a Longer and Larger Morphology
on Stiff Substrates

Oakes et al. found that upon initial plating of neu-
trophils on 5–50 kPa polyacrylamide hydrogels, the
spreading area of neutrophils increased as substrate
stiffness increased. This morphology inversely corre-
lated with cell speed, which was slower on stiffer sub-
strates.22 Since this study showed morphology is a key
indicator of leukocyte motility, we first evaluated
BMM morphology and spreading area. BMMs plated
on gels were either biologically stimulated with LPS or
remained in a steady state by treating with vehicle
control. Unlike neutrophils, macrophages are exclu-
sively found in tissues and are already exposed to tissue
elasticity prior to activation. Therefore, BMMs were
imaged on gels after exposure to substrate elasticity for
a period of time (18–24 h).

Two distinctive morphologies were present on the
gels (Fig. 1): a circular morphology and noncircular
morphology. Both morphologies were positive for the
macrophage marker CD11b (Fig. 1a) and both mor-
phologies were found on all gels (Figs. 1b and 2). A
higher percentage of circular BMMs were present on
0.3–27 kPa gels, while a higher percentage of noncir-
cular BMMs were present on 47–230 kPa gels
(Fig. 2a). Circular BMM areas increased as substrate
elasticity increased (Fig. 2b) and noncircular BMM
areas and aspect ratios (AR) increased as substrate
elasticity increased (Figs. 2c and 2d, respectively).
Phenotypes occurred regardless of LPS treatment
indicating stiffer gels promoted cell spreading and
elongation independent of LPS stimulation.

Motility is Dependent on Both Substrate Elasticity
and Macrophage State

Numerous reports have shown that an increase in
spreading area is inversely correlated to cell motil-
ity.19,22 However, in the presence of a biological

FIGURE 1. Bone marrow-derived macrophages (BMMs) on
gels. (a) Cells on gels immunostained with macrophage mar-
ker CD11b. Immunostaining shows that the cells with different
morphologies on 0.3 and 47 kPa gels were macrophages.
(b) Phase contrast images of BMMs. Images show two dis-
tinguishable BMM morphologies. Green arrows indicate non-
circular BMMs and red arrows indicate non-polarized BMMs
on a 47 kPa gel. These populations were quantified for all gels
in Fig. 2.
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stimulant such as LPS, macrophages are known to
have increased motility.15 Therefore, we asked what
are the independent and combined effects of elasticity
and LPS? We chose to examine BMM motility on 0.3
and 230 kPa gels since circular and noncircular cell
populations were the most homogenous on these two
gels. This ensured that morphologically heterogeneous
populations did not cause heterogeneous motility and
allowed for morphology and motility correlations.

Our velocity data did not strictly adhere to the
morphology–motility paradigm, where morphology
inversely correlates to motility. The velocity of control
BMMs on 0.3 kPa gels was not significantly different
from the velocity of control BMMs on 230 kPa gels
(Fig. 3a). However, LPS-treated BMMs on 230 kPa
gels exhibited a significant decrease in velocity com-
pared to LPS-treated BMMs on 0.3 kPa. In addition,
the velocity of LPS-treated BMMs on 230 kPa was

FIGURE 2. BMM morphology on 0.3–230 kPa gels. (a) Noncircular percentages of vehicle control- (control) and LPS-treated
BMMs. The percentage of noncircular control- (black) and LPS-treated (red) BMMs increased as gel elasticity increased. (b) Circular
areas of control- and LPS-treated BMMs. The areas of control- and LPS-treated BMMs increased as gel elasticity increased.
(c) Noncircular areas of control- and LPS-treated BMMs. The areas of control- and LPS-treated BMMs increased as gel elasticity
increased. (d) Noncircular aspect ratio (AR) of control- and LPS-treated BMMs. AR of control- and LPS-treated BMMs increased as
gel elasticity increased. (e) Image representation of graphs (a–d). A minimum of 21 images or 20 cells were analyzed for each gel
condition. (*) and (x) indicates statistical significance for LPS-treated BMMs and control BMMs, respectively.
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FIGURE 3. BMM velocity on 0.3 and 230 kPa gels. (a) BMM velocity. BMMs were plated on 0.3 (white bars) and 230 kPa (grey bars)
gels and treated with vehicle control (control) or LPS. The graph shows no significant difference between control BMM on 0.3 and
230 kPa gels. However, the presence of LPS decreased BMM velocity on 230 kPa gels. (b) and (c) Representative trajectory maps of
(a). Maps show displacement of control (b) and LPS-treated BMMs (c) on 0.3 (left) and 230 (right) kPa gels.
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significantly decreased compared to control BMMs on
230 kPa gels. Trajectories were also measured to
determine directional movement, but trajectory maps
showed random motion (Fig. 3b). These data indicate
that BMM motility follows the morphology–motility
paradigm only when a biological stimulant is present.

Lipid Rafts are Involved in Elasticity-Mediated Motility

Next, we sought to define the role of lipid rafts in
elasticity-mediated macrophage migration. We hypoth-
esized that LPS-treated macrophages on 230 kPa gels
lacked lipid rafts since lipid rafts promote migration.
To test this hypothesis, we first examined lipid raft
content for all conditions. We stained lipid rafts using
cholera toxin subunit B, which attaches to cells by
binding to gangliosides. We found a lower intensity of

lipid raft staining for LPS-treated BMMs grown on
230 kPa gels compared to all other conditions
(Fig. 4a). We also examined the distribution of the
staining. Migrating cells are typically asymmetrical,
with one end having a leading edge that exhibits pro-
trusion and the opposite end having a rear edge that
undergoes retraction. We observed that lipid raft dis-
tribution in LPS-treated BMMs on 0.3 kPa gels was
asymmetrical; specifically, a higher intensity was
observed on the leading edge (Fig. 4b). These data
suggest that lipid rafts in LPS-treated BMMs on
0.3 kPa substrates promote BMM motility.

To further confirm the role of lipid rafts in mac-
rophage motility on soft substrates, we depleted lipid
rafts by incubating LPS-treated BMMs with MbCD,
a chemical that disrupts lipid raft integrity by
depleting cholesterol (Fig. 5). We found that in the

FIGURE 4. Lipid raft distribution. (a) BMMs stained for lipid rafts. Graph shows cholera toxin subunit B staining intensity
decreased for LPS-treated BMM grown on 230 kPa gels. (b) Representative images of (a). Images show cholera toxin B staining
(green) and DAPI staining (blue) on 0.3 (left) and 230 kPa (right) gels. White arrows on 0.3 kPa images indicate increases in cholera
toxin B staining and show the asymmetrical patterning of staining.
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presence of MbCD, LPS-treated BMMs on 0.3 kPa
gels had no difference in velocity compared to LPS-
treated BMMs on 230 kPa gels. However, LPS-trea-
ted BMMs incubated in MbCD on 0.3 kPa gels had a
significant decrease in velocity compared to LPS-
treated BMMs incubated with no MbCD on 0.3 kPa
gels. Collectively, staining and migration data indicate
lipid rafts are vital to migration and lack of lipid rafts
may be responsible for the lack of migration on
230 kPa gels.

DISCUSSION

Unlike neutrophils, where a rapid response to tissue
elasticity is crucial for recruitment since neutrophils are
primarily recruited from circulation, rapid response to
tissue elasticity is less essential for macrophage
recruitment since a residential population of macro-
phages is present prior to tissue damage. Because of
this, macrophages are exposed to tissue elasticity prior
to initiation of inflammatory events.23 Therefore, in
this study, cells were allowed to adhere onto elastic
substrates and acclimate to the substrate for a mini-
mum of 10 min prior to examining macrophage
motility or morphology. This is in contrast to previous
innate immune cell studies, where morphology and
motility behaviors were measured immediately after
adhesion.22

Morphology

Our morphology studies showed that macrophages
on soft substrates had a higher population of small,
round macrophages whereas stiff substrates had a
higher population of large, long macrophages
(Figs. 1 and 2). This was consistent with other
reports that have shown fibroblasts,19,37 neutro-
phils,22 and astrocytes8 spread more on stiffer sub-
strates. However, our results followed an unusual
exponential curve, where most macrophages are
small and round on substrates below 47 kPa. This
finding suggests that a specific elasticity threshold is
required for macrophage elongation and spreading.
This threshold was present regardless of the activa-
tion state. Therefore, steady-state and stimulated
macrophages were anticipated to have similar
motility behaviors. Furthermore, an inverse correla-
tion between motility and morphology was antici-
pated since cells with a large spreading area require
more time for adhesion disruption due to the in-
crease in contact.22 As discussed below, the mor-
phology–motility paradigm was only applicable to
macrophages stimulated with LPS in our studies.

FIGURE 5. Effect of MbCD on BMM velocity: (a) Velocity of
BMMs treated with MbCD and LPS. BMM velocity decreased
on 0.3 and 230 kPa gels in the presence of MbCD. (b) and
(c) Representative trajectory maps of MbCD-treated BMMs on
0.3 (b) and 230 (c) kPa gels.
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Motility

In motility studies, we found that stimulated and
steady-state macrophages responded differently to soft
and stiff substrates. Specifically, macrophages were
relatively mobile unless grown on stiff substrates in the
presence of a biological stimulant (i.e. LPS). In addi-
tion, cells had no directional movement in any condi-
tion, most likely due to the uniformity of gel elasticity
and stimulant. The inclusion of physiological features
such as the presence of a chemoattractant13 or stiff-
ness11 gradient, both known to increase directional
movement of cells in a stiffness dependent manner,
would modulate directional movement. Most impor-
tantly, our motility study revealed that the morphol-
ogy–motility paradigm was limited because of
macrophages role in both acute and chronic inflam-
mation.

The ability of macrophages to maintain a long-term
presence in both healthy and damaged tissues allows
them to orchestrate acute and chronic inflammation.
However, this establishes a dichotomy in motility
behavior; macrophages need to migrate to the site of
tissue damage in the acute phase of inflammation and
then macrophages need to remain immobile for a
period of time to orchestrate chronic inflammatory
events at the site of tissue damage. Here, we reported
that this migration dichotomy was regulated by the
elasticity of the environment. Macrophages remained
relatively mobile on all substrates when a biological
stimulant was absent and macrophages remained
mobile on substrates mimicking healthy tissue elastic-
ity when a biological stimulant was present (Fig. 3).
This suggests that steady-state macrophages remain
mobile to scan the site for biological stimulants
regardless of the physical environment and stimulated
macrophages remain mobile to be recruited to the site
of tissue damage. The presence of a biological stimu-
lant limited macrophage motility in conditions that
mimic the elasticity of diseased tissues, which is
‡47 kPa.1,4,21,27,30 This limitation in motility by the
physical properties of the diseased-tissue allows for
orchestration of inflammation at the site of tissue
damage.

While substrate elasticity regulates this dichotomy,
the morphology–motility paradigm becomes limited.
Our data showed that steady-state macrophages did
not adhere to the morphology–motility paradigm,
while stimulated macrophages did adhere to the mor-
phology–motility paradigm. This indicates that mor-
phology is not always an indicator of function and
function, specifically migration, should not be assumed
based on cell morphology.

Our study challenges the morphology–motility par-
adigm and disagrees with other studies most likely

because previous studies examined migration on a more
limited range of gel elasticity. Our motility study in-
cluded substrates that mimicked extremely soft tissues
such as adipose and brain tissues (0.3–1 kPa) and
substrates that mimicked extremely stiff tissues such as
muscle and diseased tissues (27–230 kPa).18 For
example, Oakes et al.’s study, which showed that neu-
trophils were slower and more persistent on stiff sub-
strates, included substrates in the intermediate elasticity
range (5–100 kPa).22 Stroka et al.’s study, which
showed neutrophil speed was biphasic on substrates,
also included substrates in the intermediate elasticity
range (3–13 kPa).29 Jannat et al.’s study included softer
substrates but not stiffer substrates (1–40 kPa) and
reported that neutrophils had no difference in velocity
or directionality among substrates.13 The exclusion of
substrates <3 and >40 kPa in these studies may
account for discrepancies with our data. This suggests
that motility studies should include substrates that
mimic the elasticity of both extremely soft and stiff
tissues since the motility–morphology paradigm is
sensitive to the range of elasticity investigated. How-
ever, work from the Gonzalez lab included extremely
softer substrates (1–6 kPa) and agreed with our results.
They reported that soft matrices promoted chemo-
taxis.16 However, these matrices were biologically and
mechanically more indicative of the microenvironment
since the elastic PEG hydrogel models were conjugated
with ECM proteins and were 3D. Studies that include
substrates and matrices that are more physiologically
indicative of the microenvironment, i.e. include both
biological and mechanical features, will be vital to
further elucidating the role of mechanotransduction
mechanisms in leukocyte motility.

Lipid Rafts

To fully understand macrophage motility, the
molecular mechanisms involved must be explored. We
chose to investigate lipid rafts because they are known
to mediate LPS recognition,31 promote cell motil-
ity14,32,33 and modulate cell stiffness on elastic sub-
strates.3 Lipid raft staining showed lower amounts of
lipid rafts in stimulated macrophages grown on
230 kPa gels compared to all other conditions
(Fig. 4a). Interestingly, lipid raft staining directly cor-
related to motility results. In addition, MbCD treat-
ment eliminated motility on 0.3 kPa gels (Fig. 5),
confirming that lipid rafts promote migration on soft
substrates. Since cells are known to adapt to substrate
elasticity, we speculated that macrophages are soften-
ing in an attempt to match the elasticity of the soft
substrates28 and, as a result, lipid raft formation
enhanced from softening promoted cell motility.
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Lipid rafts on the leading edge of cells promote
migration by redistributing critical proteins.9,20

Here, we showed that lipid rafts were on the leading
edge of stimulated macrophages grown on 0.3 kPa
gels (Fig. 4b, arrows). This asymmetrical membrane
distribution may result in enrichment of mechano-
sensors and machinery that propels the cells for-
ward at the leading edge. In fact, one study showed
that lipid rafts facilitate integrin b1 clustering, a key
step in cell migration.34 Further investigations on
the receptors that asymmetrically cluster and facil-
itate migration are needed to fully understand the
role of lipid raft formation in elasticity-mediated
migration.

CONCLUSION

In conclusion, an elastic threshold directs macro-
phage morphology, but morphology does not always
indicate motility behavior. Macrophages grown on
gels below 47 kPa are typically smaller and rounder
than macrophages grown on gels above 47 kPa. The
two morphological populations do not always follow
the typical morphology–motility paradigm, where
leukocytes with larger spreading areas are less mobile
than leukocytes with smaller spreading areas. We
found no differences in motility for steady-state
macrophages, but macrophages adhere to this para-
digm upon LPS stimulation; i.e. LPS-treated macro-
phages had limited motility on 230 kPa gels
compared to macrophages on 0.3 kPa gels. We also
found that asymmetrical formation of lipid rafts
contributes to motility of LPS-treated macrophages
on 0.3 kPa gels. This suggests that inhibition of
motility of LPS-treated macrophages on 230 kPa gels
may be the result of lipid raft depletion and lack of
asymmetrical lipid raft formation. In conclusion, lipid
rafts attenuate motility of stimulated macrophages to
allow macrophages to orchestrate inflammation at the
site of tissue damage.
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