
Mast cell tryptase may modulate endothelial cell phenotype in
healing myocardial infarcts

Porur Somasundaram1, Guofeng Ren1, Himanshu Nagar1, Daniela Kraemer1, Leonardo
Mendoza1, Lloyd H Michael1, George H Caughey2, Mark L Entman1, and Nikolaos G
Frangogiannis1,*

1Section of Cardiovascular Sciences, DeBakey Heart Center, Baylor College of Medicine, and the Methodist
Hospital, Houston Texas, USA

2Cardiovascular Research Institute and Department of Medicine, University of California at San Francisco,
San Francisco, California, USA

Abstract
Mast cells and macrophages infiltrate healing myocardial infarcts and may play an important role in
regulating fibrous tissue deposition and extracellular matrix remodelling. This study examined the
time-course of macrophage and mast cell accumulation in healing infarcts and studied the histological
characteristics and protease expression profile of mast cells in a canine model of experimental
infarction. Although macrophages were more numerous than mast cells in infarct granulation tissue,
macrophage density decreased during maturation of the scar, whereas mast cell numbers remained
persistently elevated. During the inflammatory phase of infarction, newly recruited leucocytes
infiltrated the injured myocardium and appeared to be clustered in close proximity to degranulating
cardiac mast cells. During the proliferative phase of healing, mast cells had decreased granular
content and were localized close to infarct neovessels. In contrast, macrophages showed no selective
localization. Mast cells in healing canine infarcts were alcian blue/safranin-positive cells that
expressed both tryptase and chymase. In order to explain the pro-inflammatory and angiogenic
actions of tryptase — the major secretory protein of mast cells — its effects on endothelial chemokine
expression were examined. Chemokines are chemotactic cytokines that play an important role in
leucocyte trafficking and angiogenesis and are highly induced in infarcts. Tryptase, a proteinase-
activated receptor (PAR)-2 agonist, induced endothelial expression of the angiogenic chemokines
CCL2/MCP-1 and CXCL8/IL-8, but not the angiostatic chemokine CXCL10/IP-10. Endothelial
PAR-2 stimulation with the agonist peptide SLIGKV induced a similar chemokine expression profile.
Mast cell tryptase may exert its angiogenic effects in part through selective stimulation of angiogenic
chemokines.
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Introduction
Healing of myocardial infarcts involves a dynamic interplay between a variety of cell types
ultimately leading to formation of a scar [1]. Macrophages and mast cells infiltrate the infarcted
myocardium and serve as a source of cytokines and growth factors, supporting the growth of
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neovessels and fibroblasts [2,3]. The proliferative phase of infarct healing is associated with
formation of highly cellular granulation tissue and extracellular matrix deposition.
Subsequently, inflammatory cells and fibroblasts undergo apoptosis and a mature scar is
formed, composed of cross-linked collagen and only a small number of cells.

Mast cells synthesize cytokines, growth factors, and proteases and may regulate the healing
process through the secretion of their granular contents [4,5]. Although the role of mast cells
in tissue repair has been suggested by multiple studies [2,6], their exact contribution to infarct
healing remains unclear. Mast cell-deficient mice have served as a valuable tool for elucidating
the role of mast cells in biological processes [7,8]. Unfortunately, healing mouse infarcts, in
contrast to canine infarcts [2] and human cardiomyopathic ventricles [9], contain a small mast
cell population, suggesting that the mouse may not be a useful model for studying the role of
mast cells in myocardial infarction [10]. We have previously demonstrated that mast cell
accumulation in the proliferative phase of canine myocardial infarction is associated with
upregulation of stem cell factor (SCF), a growth factor critical for mast cell differentiation and
maturation [2]. The current study examines the time-course of mast cell and macrophage
accumulation in canine infarcts. Furthermore, we studied the phenotypic characteristics of mast
cells in healing infarcts. At all stages of healing, infarct mast cells contained both alcian blue-
and safranin-positive granules and expressed the proteases tryptase and chymase. Tryptase,
the most abundant protein in mast cell granules, has potent pro-inflammatory and angiogenic
effects. These effects may be mediated through expression of chemokines, which play an
important role in leucocyte recruitment and angiogenesis. Accordingly, we examined the
effects of tryptase stimulation on chemokine synthesis by isolated canine endothelial cells.

Methods
Ischaemia/reperfusion protocols

All animal research protocols were approved by the Baylor College of Medicine Animal
research committee. Healthy mongrel dogs (15–25 kg) of either sex were surgically
instrumented as previously described [11,12]. Circumflex coronary artery occlusion was
achieved by inflating a hydraulically activated coronary cuff occluder. After 1 h coronary
occlusion, the cuff was deflated and the myocardium was reperfused. Reperfusion intervals
ranged from 24 h to 28 days (24 h, n = 3; 7 days, n = 4; 14 days, n = 4; 28 days, n = 4). After
the reperfusion periods, hearts were stopped and sectioned from apex to base into four
transverse rings. Tissue samples were isolated from infarcted or normally perfused
myocardium based on visual inspection. Myocardial segments were fixed in Carnoy's, or B*5
without formalin [13], and embedded in paraffin wax. The presence of a myocardial infarct
was based on light-microscopic examination of haematoxylin–eosin-stained sections. Samples
of control tissues were taken from the anterior septum and had normal morphology.

Generation of antibodies to human tryptase and canine chymase
β-Tryptase was purified from human lung extracts [14]. Aliquots of purified, denatured tryptase
were combined with Freund's adjuvant and injected into rabbits. Resulting antisera were titred
by ELISA against human lung tryptase as well as canine tryptase, which was purified from
mastocytomas as described [15]. The IgG fraction was purified from antisera by ammonium
sulphate precipitation and protein G affinity chromatography. Rabbit anti-human tryptase IgG
binds selectively to human and canine tryptase as demonstrated by immunoblots of lung and
mastocytoma extracts (not shown). Similarly, rabbit polyclonal antisera were raised against
chymase purified from canine mastocytomas. These antisera bind selectively to chymase as
previously demonstrated [16,17].
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Immunohistochemistry and histology
Sequential 3–5 μm sections were cut by microtomy. Immunostaining was performed using the
ELITE rabbit, or mouse kit (Vector Laboratories, Burlingame, CA, USA). Segments used for
immunohistochemistry were fixed with the B*5 fixative without formalin [13], which allows
optimal preservation of fixation-sensitive antigens in paraffin wax-embedded tissues. Sections
were pretreated with 3% H2O2, then incubated with 2% horse serum. Subsequently, the sections
were incubated with the primary antibody for 2 h at room temperature. After rinsing with PBS,
the slides were incubated for 30 min with the secondary antibody. The slides were then rinsed
again with PBS and incubated for 30 min in ABC reagent. Peroxidase activity was detected
using diaminobenzidine (Vector). The following primary antibodies were used: rabbit anti-
tryptase antibody, rabbit anti-dog chymase antibody [16], mouse anti-CD31 antibody (Dako)
[18], mouse anti-α-smooth muscle actin (α-SMA) antibody (Sigma) [19], anti-myeloid cell
antibody Mac387 (Dako) [3,20] and anti-macrophage antibody PM-2K (Biogenesis, Kingston,
NH, USA) [3]. The monoclonal antibody PM-2K identifies mature macrophages and has been
previously used in canine tissues [3]. The Mac387 antibody labels myeloid cells (neutrophils
and monocytes) but does not stain mature macrophages [20].

Mast cells were labelled using toluidine blue staining and alcian blue/safranin staining, using
techniques previously described by our laboratory [21,22].

Quantitative histological analysis
Stained sections were photographed with a digital camera mounted on a Zeiss microscope. The
density of mast cells and macrophages in infarcted and control areas was quantitated using
Image Pro software. Semi-quantitative analysis of the granular content of mast cells was
performed by assessment of the ‘granulation score’ for 20 mast cells from each infarcted and
non-infarcted myocardial segment, scanned at 1000× magnification as follows: 3, fully
granulated cell; 2, mild loss of granular content; 1, moderate granule loss; 0, markedly
decreased granular content. The average granulation score was then quantitated for each
segment. To confirm the reproducibility of the method, the ‘granulation score’ was compared
in two toluidine blue-stained sections from each infarcted and non-infarcted segment.
Comparison of the granulation score between the two sections gave a Pearson correlation
coefficient of 0.95. Six infarcted and six non-infarcted segments obtained from four animals
for each reperfusion interval were used for quantitation.

Endothelial cell isolation and stimulation
Canine jugular vein endothelial cells were obtained as previously described [23]. Endothelial
cells were incubated with recombinant human skin tryptase (2.5–10 μg/ml, Promega), or the
PAR-2 activating peptide SLIGKV (concentration: 10−3 M to 10−5 M, Bachem) for 2–16 h. At
the end of the experiment, endothelial cells were used for RNA extraction.

RNA isolation
RNA isolation from stimulated endothelial cells was performed using the acid guanidinium
phenol chloroform procedure. RNA (20 μg) was electrophoresed in 1% agarose gels containing
formaldehyde, then transferred to a nylon membrane (Gene Screen Plus; New England
Nuclear) by standard procedures.

Northern hybridization
Membranes were hybridized in QuikHyb (Stratagene, La Jolla, CA, USA) at 68 °C for 2 h with
1 × 106 dpm random hexamer 32P-labelled canine cDNA probes for CXCL8/interleukin (IL)-8
[24], CCL2/monocyte chemoattractant protein (MCP)-1 [25], and CXCL10/interferon-γ
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inducible protein (IP)-10 [26]. Quantitation was performed using densitometry as previously
described [12]. Relative density was normalized to the intensity of the 28S rRNA.

Statistical analysis
Statistical analysis was performed using ANOVA followed by t-test corrected for multiple
comparisons (Student–Newman–Keuls). Data were expressed as mean ± SEM. Statistical
significance was set at 0.05.

Results
Time-course of mast cell and macrophage infiltration in canine infarcts

Mast cell density was significantly higher in canine infarcts after 7 days of reperfusion
compared with non-infarcted areas from the same experiments (7-day infarct: 23.47 + 8.42
cells/mm2 vs. control: 7.05 + 1.33 cells/mm2; p < 0.05, n = 6) (Figure 1). The number of mast
cells in healing infarcts remained elevated for at least 4 weeks of reperfusion (28-day infarct:
19.2 + 3.14 cells/mm2 vs. control: 4.22 + 1.12; p < 0.05, n = 6). In contrast, macrophage density
in the infarct peaked after 14 days (14-day infarct: 647.5 + 79.7 cells/mm2 vs. control: 49.05
+ 9.84 cells/mm2; p < 0.001, n = 6), then significantly decreased after 4 weeks of reperfusion
(28-day infarct: 226.13 + 51.8 cells/mm2; p < 0.001 compared with 7- and 14-day infarcts)
(Figure 2).

Morphological characteristics and protease expression of infarct mast cells
Mast cells in non-infarcted areas of the canine heart were elongated perivascular cells with a
high granular content. Mast cells in infarcted and non-infarcted segments of the canine heart
had both alcian blue-positive and safranin-positive granules (Figure 3A). Phenotypic
characterization of infarct mast cells was performed using immunohistochemical staining with
a rabbit anti-canine antibody to chymase [16] and a rabbit anti-human antibody to tryptase.
Samples from the canine tongue and earlobe were used to demonstrate the cross-reactivity of
the anti-tryptase antibody with canine species, and contained a large number of tryptase- and
chymase-positive mast cells. Mast cells in control and infarcted areas contained both chymase
and tryptase at all stages of infarct healing (Figure 4). Infarct mast cells exhibited significant
granular loss (Figure 3C) after 7–28 days of reperfusion. The granular content in infarcted
segments was significantly lower than in control myocardial segments after 7 (granulation
score; infarct: 1.71 + 0.13 vs. control 2.83 + 0.07, n = 6; p < 0.01), 14 (infarct: 1.77 + 0.15 vs.
control: 2.67 + 0.04; p < 0.01), and 28 days of reperfusion (infarct: 1.74 + 0.14 vs. control:
2.78 + 0.06, n = 6; p < 0.01). However, no significant differences in granular content were
noted in infarcted segments over the course of infarct healing (7–28 days).

Mast cells are localized in areas of leucocyte infiltration during the pro-inflammatory phase
and are associated with neovessels in the healing wound

We have previously used Mac-387 immunohistochemistry to label newly recruited leucocytes
(monocytes and neutrophils) and distinguish them from mature macrophages in the canine and
human heart [3,20]. This antibody detects an epitope on the calcium-binding protein MRP14,
which is highly expressed in monocytes and neutrophils, but downregulated in mature
macrophages [27]. After 24 h of reperfusion, infiltrating leucocytes were clustered in close
proximity to degranulating mast cells (Figure 5). In contrast, mature macrophages were
uniformly distributed in the infarcted area and did not demonstrate a close spatial association
with newly recruited leucocytes (Figure 5C). After 7 days of reperfusion the injured
cardiomyocytes were replaced with highly vascular granulation tissue (Figure 6). At this stage
α-SMA-positive myofibroblasts were predominantly localized in the infarct border zone,
whereas the centre of the wound exhibited a high capillary density. Mast cells were selectively
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localized in close proximity to vascular structures, in particular those with a developed
muscular wall (Figure 6). In contrast, macrophages were similarly distributed in all areas of
the infarct and had no selectively perivascular location.

Mast cell tryptase and PAR-2 activation increase endothelial expression of the angiogenic
chemokines IL-8 and MCP-1, but not of the angiostatic chemokine IP-10

Unstimulated canine endothelial cells demonstrated negligible mRNA expression of the
chemokines IL-8, MCP-1, and IP-10. Incubation with human recombinant tryptase (10 μg/ml)
induced a rapid but transient upregulation of the angiogenic chemokines MCP-1 and IL-8 in
canine endothelial cells (Figure 7). MCP-1 and IL-8 mRNA levels peaked after 4 h and returned
to baseline after 16 h of incubation. In contrast, expression of the angiostatic chemokine IP-10
was not found in tryptase-stimulated endothelial cells. Because many of the pro-inflammatory
actions of tryptase are presumed to be due to PAR-2 activation, we examined the effects of the
PAR-2 activating peptide SLIGKV on endothelial chemokine synthesis. Although low peptide
concentration (10−5 M and 10−4 M) had no effect on endothelial chemokine expression, high
concentration (10−3 M) induced upregulation of IL-8 and MCP-1, but did not stimulate IP-10
synthesis in canine endothelial cells. In contrast to the transient nature of tryptase-induced
chemokine synthesis, PAR-2 activation caused a persistent upregulation of IL-8 and MCP-1
mRNA levels (Figure 8).

Discussion
Myocardial infarction is associated with an inflammatory response ultimately leading to
healing and formation of a scar [1]. Macrophages, lymphocytes, and mast cells infiltrate the
infarcted myocardium and may regulate the healing process by releasing proteases, cytokines,
and growth factors [10]. Canine myocardial infarction is associated with degranulation of
resident cardiac mast cells and release of mast cell-derived TNF-α and histamine, initiating the
cytokine cascade responsible for inflammatory leucocyte recruitment in the infarcted
myocardium [11]. In addition, during the proliferative phase of infarct healing, mast cells
accumulate in the infarcted area and may contribute to fibroblast growth and angiogenesis.
Although several studies have suggested a role for mast cells in infarct healing, their specific
contribution to the cellular events associated with post-infarction inflammation and scar
formation remains unclear for two main reasons. First, many mast cell-derived mediators can
also be secreted by other cell types, such as macrophages, fibroblasts, and lymphocytes, which
are present in large numbers in the infarcted ventricle. Second, while increased mast cell density
is noted in canine myocardial infarcts and in hearts from patients with ischaemic
cardiomyopathy, murine myocardial infarcts contain only few mast cells [10], suggesting that
mast cell-deficient mice may not be suitable to investigate the functional role of mast cells in
infarct healing.

The current study examines the time-course of mast cell and macrophage infiltration in healing
canine infarcts. We demonstrate that, although macrophages are much more numerous than
mast cells in the infarcted heart during the proliferative phase of healing, mast cell density
remains elevated in mature infarcts, while the number of macrophages significantly decreases.
Infarct mast cells have alcian blue- and safranin-positive granules, express both chymase and
tryptase, and undergo progressive degranulation during infarct healing. Mast cell tryptase is
the most abundant protein in mast cell granules and has potent pro-inflammatory and
angiogenic properties. For this reason, we investigated its in vitro effects on chemokine
expression by isolated canine endothelial cells. We found that tryptase induced transient
endothelial upregulation of the angiogenic chemokines IL-8 and MCP-1, but not of the
angiostatic chemokine IP-10. These findings may offer new insight into the mechanistic basis
of tryptase-induced angiogenesis.
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Recruitment of neutrophils and mononuclear cells is a prominent and early event in reperfused
myocardial infarcts and is followed by an increase in the number of mast cells. During the
maturation phase of healing, however, the number of macrophages decreases (Figure 2) as
many of these cells undergo apoptosis, whereas mast cell density remains high (Figure 1). In
contrast to other myeloid cells, mast cells have a long life-span and express members of the
bcl-2 family that may promote their survival [28]. The persistent presence of mast cells in
infarcts 1 month after coronary occlusion, when macrophage density is significantly decreased,
suggests that mast cells may play an important role in scar maturation.

A wide body of evidence suggests an important role for mast cells in wound healing [6,29].
This is based, in most cases, on investigations demonstrating increased numbers of mast cells
in healing wounds and on their capability of synthesizing, storing, and releasing pro-
inflammatory, fibrogenic, and angiogenic mediators. Mast cells are potentially important
sources of cytokines (such as TNF-α), growth factors (such as TGF-β, VEGF, and bFGF), the
serine proteases chymase and tryptase, and matrix metalloproteinases [16]. Although mast cells
are capable of modulating fibrosis and angiogenesis [30–33], both critical events in tissue
repair, direct evidence supporting a crucial role for mast cells in healing wounds is lacking. A
recent study suggested that mast cell-deficient kitw/kitw–v mice have normal cutaneous healing;
however, mast cell deficiency decreased neutrophil infiltration during the inflammatory phase
[34]. We have recently demonstrated that mice, in contrast to large mammals [2], do not have
increased numbers of mast cells in healing myocardial infarcts [10]; for this reason mast cell-
deficient mice may not be a suitable model for examining the role of mast cells in cardiac
repair.

Infarct mast cells were identified as alcian blue/safranin-positive cells, expressing both
chymase and tryptase at all stages of healing (Figures 3 and 4). Chymase and tryptase may be
critical mediators in scar formation. Chymase may regulate fibrous tissue deposition through
activation of angiotensin II [35], and TGF-β [36]. In addition, canine chymase activates
gelatinase B [37] and may modulate extracellular matrix remodelling. Tryptase has recently
emerged as an important and versatile mediator. In view of the strategic perivascular location
of mast cells, release of their granular contents during inflammatory processes is likely to
expose neighbouring endothelial cells to high concentrations of tryptase. Compton and co-
workers demonstrated that tryptase induced endothelial IL-8 and IL-1β expression without
upregulating expression of the adhesion molecules ICAM-1, VCAM-1, and E-selectin [38].
Other studies indicated that tryptase also has potent angiogenic effects, stimulating capillary
growth [30]. In order to investigate the pro-inflammatory and angiogenic actions of tryptase
we examined its effects on endothelial cell chemokine expression. Chemokines are critical
regulators of leucocyte trafficking [39], but also modulate the angiogenic response [40]. The
CXC chemokine CXCL8/IL-8 and the CC chemokine CCL2/MCP-1 have potent angiogenic
properties [41,42]. In contrast, CXC chemokines lacking the ELR motif, such as CXCL10/
IP-10, inhibit bFGF or IL-8-mediated angiogenesis [43,44]. Our experiments indicated that
tryptase selectively induces the angiogenic chemokines MCP-1 and IL-8, but not the
angiostatic chemokine IP-10 (Figure 7). In contrast, less selective pro-inflammatory mediators
such as TNF-α and M-CSF markedly induce expression of all three chemokines in isolated
canine venous endothelial cells [23,26]. The selective upregulation of angiogenic chemokines
may be in part responsible for the angiogenic and pro-inflammatory effects of tryptase.

All the known actions of tryptase on cells appear to be mediated via its catalytic activity [45].
Tryptase activates the PAR-2 receptor through proteolytic cleavage of the amino terminus of
the receptor revealing a tethered ligand, capable of activating itself and initiating signal
transduction [46,47]. We found that, much like tryptase stimulation, PAR-2 activation with an
agonist peptide induced expression of MCP-1 and IL-8, but not IP-10 (Figure 8). The similar
chemokine expression profile is consistent with the hypothesis that a PAR-2-related
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mechanism is responsible for tryptase-induced chemokine upregulation. PAR-2 agonists
induce inflammation and angiogenesis in vivo and in vitro [48–50]. Whether these effects are
mediated through chemokine induction remains unknown.

We suggest that mast cell-derived mediators may be important in regulating post-infarction
inflammation and cardiac repair. Mast cells secrete cytokines and growth factors, capable of
modulating inflammatory leucocyte recruitment, fibrosis and angiogenesis. They also release
unique products such as the serine proteases chymase and tryptase. Tryptase exerts pro-
inflammatory and angiogenic effects on endothelial cells, seemingly mediated through PAR-2
activation; these actions may be in part related to endothelial induction of angiogenic
chemokines. Large animal studies using specific tryptase inhibitors may be useful to clarify
the biological significance of the pleiotropic effects of tryptase on healing infarcts.
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Figure 1.
Time-course of mast cell accumulation in healing canine infarcts. (A) Toluidine blue staining
identifies a resident mast cell population (arrow) in control canine myocardium. (B) After 7
days of reperfusion, a significant number of mast cells is noted in the infarcted heart (arrows).
(C) Mast cell density in infarcted myocardial segments remained persistently elevated for at
least 4 weeks after reperfusion of the ischaemic myocardium (*p < 0.05 compared with control
segments). C, control; I, ischaemic
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Figure 2.
Time-course of macrophage accumulation in healing canine myocardial infarcts. (A)
Immunohistochemistry with the monoclonal antibody PM-2K, a marker for mature
macrophages, identifies macrophages in the non-infarcted heart (arrows). (B) Abundant
macrophages are noted in infarcted myocardial segments after 14 days of reperfusion. (C) A
marked increase in macrophage density was noted in infarcted segments after 7–14 days of
reperfusion (***p < 0.001 vs. control segments). However, after 28 days of reperfusion,
macrophage density significantly decreased (###p < 0.001 vs. 7- and 14-day infarcts. C, control;
I, ischaemic
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Figure 3.
(A) Mast cells in the infarcted myocardium contain both alcian blue- and safranin-positive
granules. (B) Mast cells in non-infarcted segments are packed with granules (toluidine blue
staining). (C) In contrast, many mast cells in infarcted segments exhibit loss of granular
contents (arrow) (14 days reperfusion, toluidine blue staining)
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Figure 4.
Characterization of mast cells in canine infarcts using immunohistochemistry for chymase and
tryptase. Serial section staining identifies infarct mast cells as metachromatic cells (B: toluidine
blue staining) expressing tryptase (A) and chymase (C) (1 h ischaemia/7 days reperfusion)
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Figure 5.
Serial section staining demonstrates that infiltrating leucocytes are clustered around mast cells
in the inflammatory phase of myocardial infarction (1 h ischaemia/24 h reperfusion). (A)
Chymase staining identifies mast cells in the infarct (arrows). (B) Immunohistochemistry with
the monoclonal antibody Mac387 labels newly recruited myeloid cells (neutrophils and
monocytes) in the infarct. This antibody does not stain mature macrophages [3]. Note that
infiltrating leucocytes are clustered around mast cells. (C) Immunohistochemistry with the
monoclonal antibody PM-2K stains mature macrophages in the infarct
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Figure 6.
Mast cell localization in the proliferative phase of myocardial infarction (1 h ischaemia/7 days
reperfusion). Chymase staining (A) identifies mast cells in the infarct. Note that mast cells are
located in close proximity to vessels, identified by α-SMA staining of their muscular coat
(arrows, B) and by CD31 staining (D). (C) PM-2K immunohistochemistry labels infarct
macrophages. No selective localization of macrophages in the perivascular area is noted
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Figure 7.
Tryptase induces chemokine synthesis by isolated canine jugular vein endothelial cells. (A, B)
Tryptase stimulation (10 μg/ml) induces transient IL-8 mRNA synthesis peaking after 4 h. (C,
D) Tryptase also upregulates MCP-1 mRNA expression in canine venous endothelial cells (E)
In contrast, tryptase does not induce synthesis of the angiostatic chemokine IP-10. A sample
from the spleen of an endotoxin-stimulated animal (S) is used as a positive control. C, control;
EtBr, ethidium bromide (*p < 0.05 vs C, **p < 0.01 vs C)

Somasundaram et al. Page 16

J Pathol. Author manuscript; available in PMC 2008 March 25.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 8.
Stimulation with the PAR-2 activating peptide SLIGKV induces expression of angiogenic
chemokines in canine venous endothelial cells. (A) Incubation with high concentration (10−3

M) SLIGKV induces endothelial MCP-1 mRNA synthesis after 6 h of reperfusion. MCP-1
induction is prolonged. A sample from the spleen of an endotoxin-stimulated animal (Sp) is
shown as a positive control. (B) SLIGKV also induces IL-8 expression, but has no effect on
endothelial IP-10 mRNA synthesis (C). Findings are representative of two experiments with
similar results
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