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ORIGINAL ARTICLE

Erysipelas Caused by Group A Streptococcus
Activates the Contact System and Induces the
Release of Heparin-Binding Protein

Adam Linder'?, Linda Johansson®?, Pontus Thulin?, Erika Hertzén?, Matthias Mérgelin', Bertil Christensson’,
Lars Bjorck', Anna Norrby-Teglund® and Per Akesson'

Bacterial skin infections, such as erysipelas or cellulitis, are characterized by fever and a painful erythematous
rash. Despite the high prevalence of these infections, little is known about the underlying pathogenic
mechanisms. This is partly due to the fact that a bacterial diagnosis is often difficult to attain. To gain insight into
the pathogenesis of erysipelas, we investigated the samples obtained from infected and noninfected areas of
skin from 12 patients with erysipelas. Bacterial cultures, detection of specific streptococcal antibodies in
convalescent sera, and immunohistochemical analyses of biopsies indicated group A streptococcal etiology in
11 of the 12 patients. Also, electron micrographs of erythematous skin confirmed the presence of group A
streptococcal cells and showed a limited solubilization of the surface-attached M protein. Degradation of high-
molecular-weight kininogen and upregulation of the bradykinin-1 receptor in inflamed tissues indicated
activation of the contact system in 11 patients. Analyses of release of the vasoactive heparin-binding protein
(HBP) showed increased levels in the infected as compared with the noninfected areas. The results suggest that
group A streptococci induce contact activation and HBP release during skin infection, which likely contribute to

the symptoms seen in erysipelas: fever, pain, erythema, and edema.

Journal of Investigative Dermatology (2010) 130, 1365-1372; doi:10.1038/jid.2009.437; published online 28 January 2010

INTRODUCTION

Erysipelas is a rapidly spreading infection of the superficial
layers of the skin often accompanied by systemic symptoms
such as fever, chills, and malaise. The progressing erythema
is characterized by a clear distinction from surrounding
tissue. Bacteriological diagnosis of the disease is often
difficult. Blood cultures are positive in <5% of cases (Perl
et al., 1999) and culturing of needle aspirations or punch
biopsies from skin lesions has limited value (Newell and
Norden, 1988; Duvanel et al., 1989; Lebre et al., 1996).
Cultures together with other available evidence such as
serological data indicate that the group A streptococcus is the
most prevalent pathogen, but other B-hemolytic streptococci
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have also been implicated (Eriksson et al, 1996, Rantala
et al., 2009).

The human contact system (Bhoola et al., 1992; Colman
and Schmaier, 1997; Joseph and Kaplan, 2005) consists of
three serine proteinases: coagulation factor X1 and XII, plasma
kallikrein, and the nonenzymatic cofactor high-molecular-
weight kininogen (HK). Activation of the contact system has
three potential consequences: the initiation of the intrinsic
pathway of coagulation, the generation of antibacterial
peptides, and the release of bradykinin, a proinflammatory
peptide that increases vascular permeability and induces
fever and pain. Bradykinin is generated when HK is cleaved by
activated plasma kallikrein into different protein fragments.

Previous studies have shown that several bacterial species,
such as Staphylococcus aureus, Escherichia coli, Salmonella,
and group A streptococci, can assemble components of the
contact system at their surface, resulting in bradykinin release
(Ben Nasr et al., 1996; Herwald et al., 1998; Mattsson et al.,
2001). In group A streptococci, HK is bound to the bacteria
by the cell-wall-attached M protein. When HK is associated
to the bacterial cell surface, it is exposed to a secreted
streptococcal cysteine proteinase (SpeB) that cleaves HK and
releases bradykinin both in vitro and in animal models of
infection (Herwald et al., 1996).

The M protein of group A streptococci has recently been
shown to interact with neutrophils by a previously unidenti-
fied mechanism. M proteins released from the streptococcal
cell wall form complexes with fibrinogen, which activate
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neutrophils by binding to 2 integrins (Herwald et al., 2004).
This leads to the secretion of the heparin-binding protein
(HBP), which is an inflammatory mediator that exert its effect
on the capillary endothelial cell layer and induces vascular
leakage (Gautam et al., 2001). It was shown that M protein,
when injected into mice, could induce severe pulmonary
damage characterized by leakage of plasma and blood cells
(Herwald et al., 2004; Soehnlein et al., 2008).

The skin lesion seen in patients with erysipelas has all the
characteristics of inflammation: an intense and painful
erythema with edematous elevation of the affected skin,
signs that could be explained, at least in part, by the action of
bradykinin and HBP released in response to group A
streptococcal infection. The aim of this investigation was
therefore to analyze whether the contact system and
neutrophils are activated in patients with erysipelas, and
thus help explain the pronounced local inflammation that is
characteristic of this disease.

RESULTS

Patient characteristics, bacterial cultures, and serologic testing
The 12 patients included in the study had typical signs of
erysipelas with fever and a characteristic erythema on one of
the legs. They were all admitted to hospital and treated with
antibiotics, and showed signs of recovery with absence of
fever and a less intense erythema within 3 days. A positive
blood culture for group A streptococci was found in one of
the patients (patient 11). Cultures were also taken from the
wound in four patients who had superficial skin wounds
present at the same leg as the erysipelas lesion. Two of these
patients were positive for group A streptococci, one for
S. aureus, and one patient had a mixed culture of both
S. aureus and group G streptococci (Table 1). Bacteriological
diagnosis by serologic testing was also carried out. 1gG
antibody levels against seven different group A streptococcal
antigens, previously reported to evoke antibody responses
during group A streptococcal infections (Akesson et al.,
2004), were determined in acute and convalescent serum
samples. Seven of the twelve patients developed an increased
antibody titer, defined as a >50% increase of the ELISA
index, in the convalescence serum against at least two of the
streptococcal antigens (Table 1).

HK is degraded and HBP is released in the infected skin tissue
Activation of the contact system results in a proteolytic
cleavage of HK and the release of bradykinin. Bradykinin is a
small peptide that is cleared rapidly from tissue, and the
analysis of HK degradation is therefore a more reliable
measure of activation. Homogenized skin biopsies from
infected and noninfected areas were analyzed using western
blot. Antibodies against HK showed one 120 kDa band of the
same size as native HK in all samples, and one band of
63 kDa, which could correspond to either low molecular
weight kininogen or the heavy chain of HK (Figure 1). In the
material obtained from infected skin, additional immunor-
eactive bands were observed. Their molecular masses of 58
and 45kDa correlate well to products observed after
cleavage of HK (Kahn et al., 2002), showing a degradation
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Table 1. Patient demographics and laboratory data of
patients with erysipelas

Onset Antibiotic

Age Prior days doses Bacteriologic Serology
Patient Sex (years) illness  (n) (n) culture (GAS)

1 M 62  Diabetes 3 3 — -

2 F 50  Healthy 2 3 S. aureus -

3 F 77 Healthy 2 4 — +

4 M 61 Healthy 2 2 — +

5 M 63  Diabetes 1 2 — -

6 M 29 Healthy 2 3 GAS +

7 F 55  Healthy 3 3 — +

8 F 68  Diabetes 1 2 — -

9 F 88  Healthy 3 2 S. aureus+ GGS =
10 M 50 Healthy 1 2 — +
11 F 85  Healthy 2 3 GAS +
12 F 58 Healthy 2 3 — +
Mean 62 2 2.5
Median 61.5 2 3
Range 29-88 13 24

Abbreviations: F, female; GAS, group A streptococci; GGS, group G
streptococci; M, male.

Onset days, number of days of disease prior to biopsy; antibiotic doses,
number of antibiotic doses before the time of biopsy; bacteriological
culture, bacteriological findings from blood and wound cultures; serology,
serology results from analysis of acute and convalescent sera against seven
different GAS antigens.

of the protein (Figure 1a). In the controls taken from the
healthy tissue of the other leg, HK was degraded in only one
of the patient samples (Figure 1b).

The presence of HBP in the tissue samples was also
investigated. In another immunoblot of proteins extracted
from the biopsy specimens, antibodies against HBP detected
a band of the expected size of 29 kDa (Figure 2). HBP was
present in the skin tissue obtained from the infected area of
11 of the 12 patients, but only in one of the samples taken
from the healthy legs.

Inflammatory responses to group A streptococci in tissue
sections

Group A streptococci is regarded as the principal etiological
agent in erysipelas, but only seven patients could be
diagnosed with a group A streptococcal infection by culturing
or serologic testing. Tissue sections were therefore analyzed
by immunohistochemical staining using antibodies to
specific carbohydrate components of the group A strepto-
coccal cell wall. Also, sections were stained with antibodies
against the streptococcal SpeB, which is secreted from
all serotypes of group A streptococci. This assay revealed
the presence of group A streptococci in the tissue of 11 of the
12 patients (Table 2). The only patient whose tissue was
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Figure 1. Proteolytic cleavage of HK in skin biopsies. Proteins were extracted
from skin biopsies from the leg with signs of inflammation (a) or of the other
noninfected leg (b) and subjected to SDS-PAGE. The gels were transferred to a
polyvinylidene difluoride membrane and probed with polyclonal antibodies
raised against high-molecular-weight kininogen (HK). Patients are numbered
1-12. Lanes marked ““P”” contain human plasma stimulated with dextran
sulfate, leading to degradation of intact HK.
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Figure 2. Presence of heparin-binding protein (HBP) in skin biopsies.
Extracted proteins from tissue taken from infected skin (a) or the contralateral
healthy-looking leg (b) of patients 1-12 were analyzed by immunoblotting
using a polyclonal antiserum against HBP. Lanes marked ‘“H’" contain
purified recombinant HBP.
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negative for both group A streptococci and SpeB was culture
positive for S. aureus.

To further investigate the inflammatory responses triggered
by contact activation and the granular shedding of neutro-
phils, we stained the sections for the bradykinin-1 receptor
(BK-R1) and HBP. The expression of BK-R1 is induced by
IL-1B but also by bradykinin and its metabolites, and thus an
indicator of contact activation. Both BK-R1 and HBP were
present in all skin sections, however in varying amounts
when analyzed semiquantitatively (Table 2). A more detailed
analysis was performed in one of the patients (patient 11),
including analyses of two additional biopsies. One biopsy
was taken approximately 5cm outside the margin of the
erythema and one biopsy from a corresponding region from
the other, noninfected leg. Staining intensities were higher for
all the studied antigens in the inflamed skin as compared with
the tissue adjacent to the infection or from the opposite leg
(Figure 3a). The biopsies were also stained for neutrophils,
which revealed a heavier infiltration of neutrophils in the
epicenter biopsy than in other sites (data not shown). Also, a
quantitation of antigen expression by acquired computerized
image analysis (ACIA) confirmed a considerably higher
prevalence of antigens in the erythematous area. However,
bacterial cell wall antigens and HBP were also detected in
tissue outside the apparent infection (Figure 3b). In addition,
analysis by confocal microscopy showed that group A
streptococcus were present in the epicenter of the erysipelas
infection (Figure 3c).

M protein is cleaved from the group A streptococcal surface
during skin infection

To visualize infecting bacteria at higher magnification, we
also analyzed tissue sections from three of the patients
(patients 1, 4, and 6) using transmission electron microscopy.
Figure 4a shows spherical cells in the dermis of the
erythematous skin of all patients. The structures are sugges-
tive of bacteria with a diameter of 0.6-1 um. An experiment
with tissue sections from the same patients incubated with
gold-labeled antibodies against streptococcal cell wall
antigens, i.e., the group A carbohydrate, indicated that the
cells were indeed group A streptococci (Figure 4b). Com-
pared with previous electron micrographs of group A
streptococci  grown in culture media (Fischetti, 1989;
Herwald et al., 2004), the bacteria identified in the
erythematous skin seemed to lack the hairlike structures
representing the surface-attached M proteins. Further
analyses showed that antibodies directed toward the cell-
wall-associated and -conserved C-terminal part of the
M1 protein bound to the bacteria (Figure 4c). The protruding
N-terminal part of the M proteins is highly variable among
group A streptococci of different serotypes. However, a
common property of these heterogeneous N-terminal
domains is the ability to bind fibrinogen. When skin sections
were incubated with gold-labeled human fibrinogen, no
colocalization was observed with bacterial surfaces
(Figure 4d). The results suggest that the N-terminal portion
of the M protein is cleaved off when group A streptococci
infect the skin.
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Table 2. Immunohistochemistry data of samples from
patients with erysipelas

Patient Site of biopsy GAS SpeB BK-R1 HBP
1 Epicenter ++ ++ + +
2 Epicenter 0 0 + +
3 Epicenter aF + &+ +
4l Epicenter ++ ++ ++ ++
5 Epicenter (+) ne— + +
6 Epicenter ++ ++ + +
7 Epicenter ++ ++ ++ ++
8 Epicenter ++ ++ ++ ++
9 Epicenter + ++ + +

10 Epicenter + + s +

11 Epicenter ++ ++ ++ ++

5cm distal + (+) + T+t
Healthy leg (+) (+) (+) +
12 Epicenter ++ ++ + ++
Healthy leg + + + 0

Abbreviations: BK-R1, bradykinin receptor 1; GAS, group A streptococ-
cus; SpeB, streptococcal pyrogenic exotoxin B; HBP, heparin-binding
protein; 0, completely negative; (+), faint staining; +, few positive
cells or low expression of antigen; ++, high frequency of positive cells
or antigen.

a Epicenter 5 cm distal

HBP

Healthy leg

DISCUSSION

During acute inflammation, plasma components, and leuko-
cytes are transported to the infected tissue and interact to
defend against bacterial colonization, multiplication, and
dissemination. In this study, two different inflammatory
mechanisms during group A streptococcal infection were
studied: the triggering of the contact system and the release of
HBP from neutrophils.

Extensive proteolysis of HK was observed in all tissue
specimen obtained from the tender and erythematous skin of
the erysipelas infection. Also, the resulting HK fragments
were of the same molecular weight as shown in a previous
study showing contact activation in plasma during vasculitis
(Kahn et al., 2002). A heterogeneous degradation of the
65 kDa heavy chain of H kininogen was detected among the
patients. A possible explanation is varying activities in the
samples of other proteolytic enzymes known to degrade H
kininogen. For example, granulocyte elastase has been
shown to cleave H kininogen without destroying its
bradykinin portion (Kleniewski and Donaldson, 1988). The
local degradation of HK in infected skin is only an indirect
sign of bradykinin release, but the upregulation of BK-R1 in
the tissue sections strongly suggests the presence of brady-
kinin. It is known that HK can be activated on the surface of
endothelial cells (Colman and Schmaier, 1997), and that
bradykinin can be generated at the luminal side of the
endothelium (Reddigari et al., 1995). It has previously been

b
30 1
= M Epicenter
o 25 o 4 5 cm distal
< 20 4 [ Healthy leg
o
C
i)
©
E
=
‘@
£

Figure 3. Host-pathogen responses at the local tissue site of infection. Tissue biopsies from the inflamed leg were obtained from the epicenter, 5 cm outside the
lesion, and from the healthy leg of patient 11. Biopsies were sectioned, stained for group A streptococci (GAS), streptococcal pyrogenic exotoxin B (SpeB),
bradykinin-1 receptor (BK-R1), heparin-binding protein (HBP), and analyzed by in situ imaging as described in Material and Methods. A control staining where
the primary antibody was omitted was also performed (ctrl). (a) Representative immunohistochemically stained areas, (b) acquired computerized image analysis
(ACIA) values of the whole tissue section. Group A streptococci were also identified by immunofluorescence staining and confocal microscopy analyses (c).
Note the distinct positively stained cocci indicated by arrows. Scale bars =30 pum (a) and 10 um (c).
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Patient no.

Figure 4. Transmission electron microscopy of thin sections taken from the skin of three patients with erysipelas. (a) Spherical bacteria-like structures are
occasionally seen in the dermis. Sections were incubated with a specific antiserum against the Lancefield group A carbohydrate (b) or an antiserum raised
against the conserved C-terminal region of the M1 protein (c), followed by detection with gold-labeled secondary antibodies. Colocalization of group-A-specific
carbohydrate and M protein with bacterial cell surfaces is visible. (d) Sections were also incubated with gold-labeled fibrinogen. Scale bar=0.5 um.

shown that plasma bradykinin levels are elevated in patients
with sepsis caused by S. aureus, and it has been speculated
that uncontrolled contact activation contributes to the
nonbeneficial inflammatory response seen in sepsis (Sriskan-
dan and Cohen, 2000; Mattsson et al., 2001). In this study,
contact activation was detected in the nonaffected leg in only
one patient, and in the patient sampled from an area just
outside the margin of erythema, the expression of BK-R1 was
markedly lower. This reflects a response that is limited and
localized to the area of bacterial invasion. The inflammatory
properties of bradykinin could be advantageous to the host by
causing pain and an influx of plasma component to the tissue
by increasing vascular permeability. Conversely, several
bacterial species secrete proteolytic enzymes that cleave
HK and generate bradykinin (Imamura et al., 2004), suggest-
ing that the physiological effects of bradykinin is favorable for
the bacterium under certain conditions.

Wound cultures and analyses of convalescent sera
revealed a likely group A streptococcal etiology in seven
out of the twelve patients. When tissues were analyzed using
immunohistochemistry and confocal microscopy, however,
group A streptococci were detected in all patients but
patient 2. This underlines the difficulties in obtaining a
bacterial diagnosis of clinical skin infections, but shows that
11 of 12 patients in this study were infected with group A
streptococci. Also, the data suggest that bacterial cells are
present throughout the inflamed skin area. This supports the
notion that inflammation is induced close to the bacterial
surfaces, and not only as a distant effect of streptococcal toxins.

Transmission electron microscopy also detected group A
streptococcal cells in the epidermis and dermis of the
infected skin. Antibody analyses of the sections showed that
the surface-attached M proteins of the bacteria had been
processed. M protein binds fibrinogen with high affinity
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(Kantor, 1965), and this interaction has been mapped to the
variable N-terminal region of the M protein extending from
the bacterial surface (Akesson et al., 1994). It was previously
shown that when group A streptococci were incubated with
SpeB, fibrinogen-binding fragments of M protein were
solubilized (Berge and Bjorck, 1995). The lack of colocaliza-
tion of fibrinogen to bacterial surfaces in the electron
micrographs suggests that biologically active M protein
fragments are released also during superficial skin infection.
As mentioned, circulating complexes of M protein and
fibrinogen are able to release neutrophil-derived HBP
(Herwald et al., 2004). The vascular leakage caused by
elevated levels of HBP is thought to be important in severe
streptococcal infections by inducing disturbed microcircula-
tion, hypotension, and organ failure. HBP has previously
been detected in tissue samples taken from patients with
group A streptococcal necrotizing fasciitis (Herwald et al.,
2004; Pahlman et al., 2006). The local presence of HBP in
patients with erysipelas suggests the same mechanism also
during this milder condition. Severity of disease could thus be
related to differences in bacterial load, M protein expression,
or proteolytic activity.

A number of preclinical investigations have been performed
on the interactions between group A streptococci and the
contact system and neutrophils. This investigation has been an
attempt to study some of these mechanisms in a clinical setting
including patients with superficial skin infections. The partial
cleavage of the M protein from the bacterial surface, the
extensive degradation of HK and upregulation of BK-RT,
suggesting increased bradykinin levels, and the presence of
HBP in infected tissue, all fit into previously suggested
pathophysiological models. Finally, the study confirms that
the group A streptococcus is the predominant etiological agent
in spreading superficial infections of the skin.

MATERIALS AND METHODS

Patients, skin biopsies, and serum samples

Twelve patients presenting with erysipelas were enrolled in a
prospective nonconsecutive study at the Clinic for Infectious
Diseases, Lund University Hospital, Lund, Sweden, during
2004-2006. Skin biopsies were obtained from the patients after
informed written consent, according to protocols approved by the
ethics committee at Lund University and in accordance with the
Declaration of Helsinki Principles. The inclusion criteria were a
typical erythema localized on one of the lower extremities, and fever
>38°C. No patients with a history of recurrent erysipelas,
malignancies, radiation therapy, immunodeficiency, or immunosup-
pressive therapy were included. The median age of the patients was
61.5 years (range 29-88 years). The median time from the onset of
disease (erythema or fever) to inclusion was 2 days (range 1-3 days),
and all the patients had received antibiotic therapy before inclusion
(Table 1).

At the time of inclusion, two punch biopsy specimens (4 mm)
were obtained from the center of the lesion of each patient. One of
the biopsies was snap-frozen and stored at —80°C and later
analyzed using protein extraction and western blot. The other
specimen was longitudinally cut in half and prepared for immuno-
histochemistry and electron microscopy. From each patient an
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additional skin biopsy specimen was taken from the corresponding
area of the other noninfected leg, and from two of the patients
(patients 11 and 12) a third biopsy was taken from the affected leg at
a distance of 5cm outside the advancing margin of the erythema.
These samples were stored frozen at —80 °C. Acute serum samples of
all patients were obtained at inclusion. Blood cultures and cultures
from skin wounds, when present at the same leg as the erythematous
lesion, were obtained before antibiotic therapy was started. Each
patient had a follow-up visit after 3-5 days and a final control after
27-75 days, when a convalescence serum sample was collected. No
recurrences were noted during this follow-up period.

ELISA

Antibody levels in patient sera against the extracellular group A
streptococcal proteins SpeB, ScIB, MtsA, IdeS, and EndoS were
measured using an ELISA assay. The bacterial antigens and the
details of the assay were described previously (Akesson et al., 2004).
An antigen concentration of 0.5mgml~" was used for coating
microtiter plates (Maxisorp; Nunc, Rochester, NY). Antibodies
toward streptococcal DNAse and streptolysin were analyzed by
standard methods (enzyme inhibition test and latex agglutination
test, respectively) at the Department of Clinical Immunology, Lund
University Hospital.

Western blot

Skin samples of approximately 2 x 2 x 4 mm were homogenized by
mechanical disruption in 0.4 ml 10% SDS. After incubation at 99°C
for 20minutes, followed by centrifugation for
3,000r.p.m., the supernatants were collected. The protein content
in each supernatant was measured by optical density (Advanced
Protein Assay Reagent; Cytoskeleton, Denver, CO) and adjusted by
dilution in 10% SDS so that the total protein concentrations were
equal in all the samples. SDS sample buffer (10ul) was added to
supernatant (10 ul) and incubated at 95 °C for 5 minutes. Proteins were
separated on a 4-12% NuPAGE Novex Bis-Tris gel (Invitrogen,
Carlsbad, CA), and transferred from the gel onto a polyvinylidene
difluoride membrane (Immobilon P, Millipore, Beillerca, MA) by
electrophoretic transfer according to the manufacturer’s instructions.
The membranes were blocked in phosphate-buffered saline with 5%
dry milk powder and 0.05% Tween 20. Presence of kininogens was
determined with antiserum AS88 (1:5,000 dilution; Miiller-Esterl
et al., 1988). The second antibody was an anti-sheep IgG (1:3,000)
conjugated with horseradish peroxide (ICN Biomedicals, Costa Mesa,
CA). HBP was detected by a polyclonal anti-HBP rabbit antiserum
(1:5,000 dilution; Lindmark et al., 1999), and a horseradish-peroxide-
labeled anti-rabbit secondary antibody (Bio-Rad, Hercules, CA).
Immunoreactive protein bands were visualized with an electroche-
miluminescence kit (Pierce, Piscataway, NJ). As a positive control for
HK proteolysis, dextran sulfate (Sigma, St Louis, MO) was added to
human plasma. Plasma was incubated with dextran sulfate in the
presence of 2mm zinc at a final concentration of 75 pm at 37 °C for
1 hour. Recombinant HBP used as a control was produced and
purified as previously described (Rasmussen et al., 1996).

5minutes at

Immunohistochemical staining and confocal microscopy

Skin biopsies from patients were cryosectioned, fixed, stained,
and analyzed using image analysis as previously described
(Norrby-Teglund et al., 2001). Group A streptococci were identified



using a polyclonal rabbit antiserum specific for the Lancefield group
A carbohydrate (Difco, Detroit, MI), and the in vivo expression of
SpeB was determined by a polyclonal rabbit antisera raised against
native SpeB (Toxin Technology, Sarasota, FL). HBP and BK-R1 were
identified by purified 1gG from respective polyclonal anti-HBP and
anti-BK-R1 rabbit antiserum (Lindmark et al., 1999; Lamb et al.,
2002). The secondary antibody was a biotinylated goat anti-rabbit
IgG (Vector Laboratories, Burlingame, CA).

Immunohistochemical stainings were analyzed by ACIA. The
whole tissue section was included in the analysis, which yielded an
analyzed cell area (defined by the hematoxylin counterstaining)
ranging from 0.6 x 10° to 1.3 x 10° um?. The results are presented as
ACIA value, which equals percent positively stained area x mean
intensity of positive staining.

Immunofluorescence staining of group A streptococci was
performed and analyzed using confocal microscopy. The staining
procedure has previously been described in detail (Thulin et al.,
2006). Streptococci were identified using a specific rabbit antiserum
against the Lancefield group A carbohydrate. For evaluation, the
Leica (Wetzlar, Germany) confocal scanner TCS2 AOBS with an
inverted Leica DMIRE2 microscope was used.

Electron microscopy

Thin sections were subjected to immunolabeling as previously
described (Roth, 1986), except that Aurion-BSA (Aurion, Wageningen,
the Netherlands) was used as a blocking agent. Briefly, the sections
were placed on grids and incubated with a specific antiserum against
the Lancefield group A carbohydrate or a rabbit antiserum directed
against the conserved C-terminal part of the M1 protein (Akesson et al.,
1994), followed by immunodetection with T0nm gold beads on a
secondary antibody against rabbit IgG (Agar Scientific, Stansted, UK).
Alternatively, specimens were incubated with human fibrinogen (Kabi)
coupled to colloidal gold before the final washing and fixation steps.
After further washes in incubation buffer, the sections were postfixed in
2% glutaraldehyde. Finally, sections were washed in distilled water,
poststained with uranyl acetate and lead citrate, and observed in a Jeol
(Tokyo, Japan) JEM 1230 transmission electron microscope, operated
at an accelerating voltage of 80kV. Images were recorded with a
Gatan (Pleasanton, CA) MultiScan 791 CCD camera.

CONFLICT OF INTEREST
The authors state no conflict of interest.

ACKNOWLEDGMENTS

We thank the staff at the Clinic for Infectious Diseases for excellent technical
assistance. We thank Maria Baumgarten (Division of Infection Medicine)
and Rita Wallén (Department of Cell and Organism Biology) for help with
electron microscopy. This project was supported in part by the Swedish
Research Council (projects 7480, 12610, and 13413), the Royal Physio-
graphic Society, Lund, the Swedish Government Funds for Clinical Research
(ALF), Hansa Medical AB, the Foundation of Greta and Johan Kock, Alfred
Osterlund, Karolinska University Hospital, the Swedish Society for Medical
Research, the Magnus Bergvalls Foundation, and Torsten and Ragnar
Soderberg.

REFERENCES

Akesson P, Rasmussen M, Mascini E et al. (2004) Low antibody levels against
cell wall-attached proteins of Streptococcus pyogenes predispose for
severe invasive disease. J Infect Dis 189:797-804

A Linder et al.
Inflammation in Streptococcal Skin Infection

Akesson P, Schmidt KH, Cooney | et al. (1994) M1 protein and protein H:
IgGFc- and albumin-binding streptococcal surface proteins encoded by
adjacent genes. Biochem J 300(Part 3):877-86

Ben Nasr A, Olsén A, Sjébring U et al. (1996) Assembly of human contact
phase proteins and release of bradykinin at the surface of curli-
expressing Escherichia coli. Mol Microbiol 20:927-35

Berge A, Bjorck L (1995) Streptococcal cysteine proteinase releases
biologically active fragments of streptococcal surface proteins. | Biol
Chem 270:9862-7

Bhoola KD, Figueroa CD, Worthy K (1992) Bioregulation of kinins:
kallikreins, kininogens, and kininases. Pharmacol Rev 44:1-80

Colman RW, Schmaier AH (1997) Contact system: a vascular biology
modulator with anticoagulant, profibrinolytic, antiadhesive, and proin-
flammatory attributes. Blood 90:3819-43

Duvanel T, Auckenthaler R, Rohner P et al. (1989) Quantitative cultures
of biopsy specimens from cutaneous cellulitis. Arch Intern Med
149:293-6

Eriksson B, Jorup-Ronstrom C, Karkkonen K et al. (1996) Erysipelas: clinical
and bacteriologic spectrum and serological aspects. Clin Infect Dis
23:1091-8

Fischetti VA (1989) Streptococcal M protein: molecular design and biological
behavior. Clin Microbiol Rev 2:285-314

Gautam N, Olofsson AM, Herwald H et al. (2001) Heparin-binding protein
(HBP/CAP37): a missing link in neutrophil-evoked alteration of vascular
permeability. Nat Med 7:1123-7

Herwald H, Collin M, Miiller-Esterl W et al. (1996) Streptococcal cysteine
proteinase releases kinins: a virulence mechanism. J Exp Med
184:665-73

Herwald H, Cramer H, Morgelin M et al. (2004) M protein, a classical
bacterial virulence determinant, forms complexes with fibrinogen that
induce vascular leakage. Cell 116:367-79

Herwald H, Mérgelin M, Olsén A et al. (1998) Activation of the contact-phase
system on bacterial surfaces—a clue to serious complications in
infectious diseases. Nat Med 4:298-302

Imamura T, Potempa J, Travis J (2004) Activation of the kallikrein—kinin
system and release of new kinins through alternative cleavage of
kininogens by microbial and human cell proteinases. Biol Chem
385:989-96

Joseph K, Kaplan AP (2005) Formation of bradykinin: a major contributor to
the innate inflammatory response. Adv Immunol 86:159-208

Kahn R, Herwald H, Mller-Esterl W et al. (2002) Contact-system activation in
children with vasculitis. Lancet 360:535-41

Kantor FS (1965) Fibrinogen precipitation by Streptococcal M protein. 1.
Identity of the reactants, and stoichiometry of the reaction. J Exp Med
121:849-59

Kleniewski J, Donaldson V (1988) Granulocyte elastase cleaves human high
molecular weight kininogen and destroys its clot-promoting activity.
J Exp Med 167:1895-907

Lamb ME, Zhang C, Shea T et al. (2002) Human B1 and B2 bradykinin
receptors and their agonists target caveolae-related lipid rafts to different
degrees in HEK293 cells. Biochemistry 41:14340-7

Lebre C, Girard-Pipau F, Roujeau JC et al. (1996) Value of fine-needle
aspiration in infectious cellulitis. Arch Dermatol 132:842-3

Lindmark A, Garwicz D, Rasmussen PB et al. (1999) Characterization of the
biosynthesis, processing, and sorting of human HBP/CAP37/azurocidin.
J Leukoc Biol 66:634-43

Mattsson E, Herwald H, Cramer H et al. (2001) Staphylococcus aureus
induces release of bradykinin in human plasma. Infect Immun
69:3877-82

Miiller-Esterl W, Johnson DA, Salvesen G et al. (1988) Human kininogens.
Methods Enzymol 163:240-56

Newell PM, Norden CW (1988) Value of needle aspiration in bacteriologic
diagnosis of cellulitis in adults. J Clin Microbiol 26:401-4

Norrby-Teglund A, Thulin P, Gan BS et al. (2001) Evidence for superantigen

involvement in severe group a streptococcal tissue infections. / Infect Dis
184:853-60

www.jidonline.org 1371


http://www.jidonline.org

A Linder et al.
Inflammation in Streptococcal Skin Infection

Pahlman LI, Morgelin M, Eckert ] et al. (2006) Streptococcal M protein: a
multipotent and powerful inducer of inflammation. J Immunol
177:1221-8

Perl B, Gottehrer NP, Raveh D et al. (1999) Cost-effectiveness of blood
cultures for adult patients with cellulitis. Clin Infect Dis 29:1483-8

Rantala S, Vuopio-Varkila J, Vuento R et al. (2009) Clinical presentations and
epidemiology of beta-haemolytic streptococcal bacteraemia: a popula-
tion-based study. Clin Microbiol Infect 15:286-8

Rasmussen PB, Bjorn S, Hastrup S et al. (1996) Characterization of
recombinant human HBP/CAP37/azurocidin, a pleiotropic mediator of
inflammation-enhancing LPS-induced cytokine release from monocytes.
FEBS Lett 390:109-12

1372 Journal of Investigative Dermatology (2010), Volume 130

Reddigari S, Silverberg M, Kaplan AP (1995) Assembly of the human plasma
kinin-forming cascade along the surface of vascular endothelial cells. Int
Arch Allergy Immunol 107:93-4

Roth J (1986) Post-embedding cytochemistry with gold-labelled reagents: a
review. | Microsc 143:125-37

Soehnlein O, Oehmcke S, Ma X et al. (2008) Neutrophil degranulation
mediates severe lung damage triggered by streptococcal M1 protein. Eur
Respir | 32:405-12

Sriskandan S, Cohen J (2000) Kallikrein-kinin system activation in strepto-
coccal toxic shock syndrome. Clin Infect Dis 30:961-2

Thulin P, Johansson L, Low DE et al. (2006) Viable group A Streptococci in
macrophages during acute soft tissue infection. PLoS Med 3:e53


https://www.researchgate.net/publication/41166489

	Erysipelas Caused by Group A Streptococcus Activates the Contact System and Induces the Release of Heparin-Binding Protein
	Introduction
	Results
	Patient characteristics, bacterial cultures, and serologic testing
	HK is degraded and HBP is released in the infected skin tissue
	Inflammatory responses to group A streptococci in tissue sections

	Table 1 Patient demographics and laboratory data of patients with erysipelas
	M protein is cleaved from the group A streptococcal surface during skin infection

	Figure 1 Proteolytic cleavage of HK in skin biopsies.Proteins were extracted from skin biopsies from the leg with signs of inflammation (a) or of the other noninfected leg (b) and subjected to SDS-PAGE.
	Figure 2 Presence of heparin-binding protein (HBP) in skin biopsies.Extracted proteins from tissue taken from infected skin (a) or the contralateral healthy-looking leg (b) of patients 1-12 were analyzed by immunoblotting using a polyclonal antiserum agai
	Discussion
	Table 2 Immunohistochemistry data of samples from patients with erysipelas
	Figure 3 Host-pathogen responses at the local tissue site of infection.Tissue biopsies from the inflamed leg were obtained from the epicenter, 5thinspcm outside the lesion, and from the healthy leg of patient 11.
	Figure 4 Transmission electron microscopy of thin sections taken from the skin of three patients with erysipelas.(a) Spherical bacteria-like structures are occasionally seen in the dermis.
	MATERIALS AND METHODS
	Patients, skin biopsies, and serum samples
	ELISA
	Western blot
	Immunohistochemical staining and confocal microscopy
	Electron microscopy

	CONFLICT OF INTEREST
	ACKNOWLEDGMENTS
	SUPPLEMENTARY MATERIAL
	REFERENCES




