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Abstract

Cardiac vegetations result from bacterium—platelet adherence, activation and aggregation, and are associated with increased morbidity and
mortality in infective endocarditis. The GPIIb/IIla and FcyRIla platelet receptors play a central role in platelet adhesion, activation and
aggregation induced by endocarditis pathogens such as Staphylococcus aureus, but the influence of known polymorphisms of these receptors on
the pathogenesis of infective endocarditis is unknown. We determined the GPIIla platelet antigen PI*VA2 and FeyRIla HI31R genotype of
healthy volunteers (n = 160) and patients with infective endocarditis (n = 40), and investigated the influence of these polymorphisms on clinical
outcome in infective endocarditis and S. aureus—platelet interactions in vitro. Platelet receptor genotype did not correlate with development of
infective endocarditis, vegetation characteristics on echocardiogram or the composite clinical end-point of embolism, heart failure, need for
surgery or mortality (P > 0.05 for all), even though patients with the GPIIla PI*"*' genotype had increased in vivo platelet activation
(P = 0.001). Furthermore, neither GPIIla PI*'"A% nor FcyRIla HI31R genotype influenced S. aureus-induced platelet adhesion, activation or
aggregation in vitro (P > 0.05). Taken together, our data suggest that the GPIIla and FcyRIla platelet receptor polymorphisms do not influence S.

aureus—platelet interactions in vitro or the clinical course of infective endocarditis.
© 2010 Institut Pasteur. Published by Elsevier Masson SAS. All rights reserved.
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1. Introduction

Infective endocarditis is a life-threatening condition result-
ing from infection of native and prosthetic heart valves,
implanted medical devices and large vessels [1]. In recent years,
Staphylococcus aureus has overtaken viridans streptococci as
the commonest causative agent, accounting for up to 49% of
cases [2,3]. This is worrisome as S. aureus infective endocarditis
has mortality rates as high as 56% [4], and underlying cardiac
risk factors cannot be identified in over 50% of patients [2].

* Corresponding author. Tel.: +44 131 242 9376; fax: +44 131 242 9385.
E-mail address: ross.fitzgerald@ed.ac.uk (J.R. Fitzgerald).

Vegetations containing bacteria, fibrin and activated plate-
lets [5—7], are identified in up to 95% of patients with
infective endocarditis, with increased vegetation size associ-
ated with embolism and mortality [8—10]. When encased in
vegetations, bacteria are able to evade the host immune system
and antibiotic therapies, while still being able to grow and
disseminate [5—7]. Bacteria stimulate platelet aggregation
leading to vegetation formation through the initial binding of
microbial surface components recognizing adhesive matrix
molecules (MSCRAMMSs) to platelet glycoprotein receptors
GPIIb/IIIa or GPIb via plasma protein cross-bridges [11]. The
subsequent cross-linking of specific immunoglobulins bound
to these MSCRAMMs with the FcyRIla receptor on the
platelet surface results in platelet activation, followed by
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platelet aggregation mediated by the formation of fibrinogen
bridges between GPIIb/IIla receptors [11].

GPIIb/IIIa is a heterodimeric integrin protein linked non-
covalently by disulphide bridges [12]. It is the most abundant
platelet receptor with 80,000 copies per platelet, and is impli-
cated in platelet aggregation induced by a range of agonists [12].
First described in 1989, the GPIIIa platelet antigen (P1*'A?)
polymorphism consists of a thymine to cytosine substitution at
nucleotide 1565 that modulates myosin light chain dephos-
phorylation, resulting in increased ‘outside-in’ signaling
[13,14]. Previous studies have identified enhanced platelet
aggregation in response to pharmacological agonists, and
increased susceptibility to vascular and immune disease in PI*?
carriers [15—17]. It is feasible that the P1*? allele is also asso-
ciated with enhanced bacterium—platelet interactions, vegeta-
tion formation and adverse outcome in infective endocarditis.

FcyRIla is a low affinity IgG-Fc receptor, numbering
between 1300 and 8500 on the platelet surface [18,19].
A functional polymorphism resulting from a G to A point
mutation leads to an arginine (R) to histidine (H) change at
position 131, with codominant expression of both alleles
[19,20]. The H131 allotype exhibits increased binding to
human IgG, and IgG; and has been associated with the devel-
opment of systemic lupus erythematosus on meta-analysis
[19,20]. However, the influence of this polymorphism on
susceptibility to infective endocarditis is unknown.

In as much as bacterium—platelet interactions are central to
the pathogenesis of infective endocarditis, we examined the
influence of the GPIlla P1*"4? and the FcyRIla HI31R
platelet receptor polymorphisms on S. aureus-induced platelet
adhesion, activation and aggregation in vitro and clinical
outcome in patients with infective endocarditis.

2. Materials and methods
2.1. Subjects

One hundred and sixty healthy volunteers with no evidence
of clinically significant co-existing conditions, recent infection
or drug therapy were recruited in Edinburgh between July
2007 and March 2009. Forty patients admitted to Edinburgh
Royal Infirmary with a diagnosis of infective endocarditis
fulfilling the modified Duke criteria [21], were recruited
between November 2006 and March 2009. Exclusion criteria
included age less than 18 y and inability to provide consent.
Written informed consent was obtained from all participants
and all studies were conducted following approval from the
Lothian NHS Research Ethics Committee and in accordance
with the 1964 Declaration of Helsinki.

2.2. Clinical outcomes and definitions

Data for patients with infective endocarditis were collected
prospectively for the index presentation. The diagnosis of
embolism was based on clinical examination and non-invasive
radiological examinations were performed at the lead clini-
cian’s discretion. Cutaneous manifestations were excluded, as

their etiology is considered multifactorial [22]. Systematic
computed tomography surveillance for embolism was not
performed. The composite clinical end-point was defined as
the presence of embolism, heart failure, need for surgery or
death in patients with infective endocarditis within 3 months
of diagnosis.

2.3. Echocardiography

Echocardiographic images were acquired from trans-
thoracic and/or transesophageal windows performed during
the acute phase of the infective endocarditis process using 2-
dimensional transducers capable of second and ultra-harmonic
imaging, attached to either Vingmed (GE Healthcare, Bedford,
UK) or iE33 (Philips, Surrey, UK) platforms. All data were
stored digitally. Transthoracic and transesophageal echocar-
diographic images were independently reviewed on EchoPAC
v 7.0.1 for the PC (GE Healthcare Vingmed Ultrasound,
Bedford, UK) by two experienced observers (DKD and GJP)
who were blinded to subject data including clinical history and
platelet receptor genotype. Vegetations were identified as
distinctly abnormal echogenic masses attached to the endo-
thelial surface of valves or endocardium. The largest length
and width obtainable in any one frame throughout the cardiac
cycle was measured for the largest vegetation if more than one
vegetation was present [9].

2.4. Blood sampling

Venepuncture was performed using a 19-gauge (1.1 mm)
needle or a 7 French (2.3 mm) triple-lumen central venous
catheter in situ. Care was taken to ensure a smooth blood draw
with minimal trauma. Where blood was sampled from
a central venous catheter, the initial 10 ml was discarded to
minimize sample contamination with heparin. Venous blood
(9 ml) was drawn into tubes containing ethylenediamine tet-
raacetic acid at a final concentration of 1.6 mg/ml for geno-
typing of platelet receptor polymorphisms in both healthy
volunteers and patients with infective endocarditis. Venous
blood (3 ml) was drawn into tubes containing 75 pM D-phe-
nylalanyl-L-propyl-L-arginine chloromethylketone (Haemato-
logic Technologies Inc, VT, USA) for determination of platelet
activation in patients with infective endocarditis.

Blood samples for isolation of platelet-rich plasma (PRP) for
platelet aggregometry and flow cytometry were taken from
selected healthy volunteers into 50 ml syringes containing
0.38% (w/v) sodium citrate. For the isolation of washed plate-
lets, blood from healthy subjects was drawn into 50 ml syringes
containing 15% (w/v) acid-citrate dextrose (7.32 g/l citric acid
anhydrous, 22 g/l sodium citrate, 24.52 g/l dextrose). PRP and
washed platelets were generated as described below.

2.5. Platelet receptor polymorphism genotyping
Genomic DNA was extracted from blood using the

NucliSens easyMag kit (BioMerieux, Basingstoke, UK)
according to the manufacturer’s instructions and adjusted to
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a final concentration of 10 ng/pl in deionized water. The
GPIlla PI*VA? (1s5918) and FcyRlla HI31R (rs1801274)
polymorphisms were determined with the ABI 7900HT
Sequence Detection System (Applied Biosystems, Warrington,
UK) with proprietary oligonucleotide sequences and TagMan®
probes (Applied Biosystems, Warrington, UK).

2.6. Generation of PRP and washed platelets

Citrated blood from healthy volunteers was centrifuged at
150g for 10 min to generate PRP. The PRP fraction was
removed and an aliquot was further centrifuged at 1500g for
10 min to generate platelet-poor plasma (PPP). Autologous PPP
was used to standardize PRP to a platelet count of 200 x 10%/1
after the platelet count was determined on a Coulter® A.T™
series analyzer (Beckman Coulter Inc., High Wycombe, UK).

For preparation of washed platelets, PRP was generated from
blood anticoagulated with acid-citrate dextrose and adjusted to
a pH of 6.5 with acid-citrate dextrose, prior to addition of 1 uM
prostaglandin E; (Sigma, Dorset, UK) and 1 U/ml apyrase
(Sigma, Dorset, UK). Samples were centrifuged at 720g for
10 min to obtain a platelet pellet, which was gently resuspended
in modified HEPES-Tyrode’s (JNL) buffer (6 mM dextrose,
130 mM NaCl, 9 mM NaHCOs, 10 mM sodium citrate, 10 mM
TRIS-base, 3 mM KCl, 0.8 mM KH,PO,4, 0.9 mM MgCl,; pH
7.4) [23]. Washed platelet suspensions were standardized to
a platelet count of 200 x 10°/1 in JNL buffer, with addition of
1 mg/ml human fibrinogen (Calbiochem, Nottingham, UK) and
2 mM Ca**.

All platelet preparations were used within 2.5 h of
venepuncture.

2.7. Bacterial strain preparation

S. aureus strain Newman and clinical infective endocarditis
S. aureus strains 207 and 209 [25] were grown to stationary
and exponential phase in brain—heart infusion (BHI) broth
(Oxoid, Basingstoke, UK) at 37 °C with constant rotation at
200 rpm. Bacterial growth was assessed by measurement of
the optical density at 600 nm (ODggo) using a spectropho-
tometer (Cecil Aurius CE2021, Thistle Scientific Ltd., Glas-
gow, UK). Stationary phase was defined as an ODgq value
greater than 12 following culture for 16 h, while exponential
phase was defined as an ODgq value of between 0.5 and 0.9.

For platelet activation and aggregation studies, bacterial
cultures were washed twice in phosphate-buffered saline
(PBS) and resuspended to an ODg value of 1.6. For S. aur-
eus—platelet adhesion studies, cultures were washed twice in
cold 0.05 M Tris—HCI buffer containing 0.1 M NaCl and
0.02 M ethylenediamine tetraacetic acid, pH 7.25. Bacteria
were labeled with 100 pg/ml of Hoechst 33342 (Sigma,
Dorset, UK) before incubation in the dark for 2 h at 4 °C,
followed by twice washing in Tyrode’s solution (137 mM
NaCl, 2.7 mM KCI, 1 mM MgCl,, 1.8 mM CaCl,, 0.2 mM
Na,HPO,, 12 mM NaHCOs, 5.5 mM dextrose, pH 7.4) and
resuspension to an ODgg, of 1.6 [24].

2.8. Platelet aggregometry

Platelet aggregometry was performed as described previ-
ously [25]. Briefly, 5 x 107 bacterial cells (in 25 pl PBS) were
added to 4.5 x 10’ platelets (in 225 pl PRP or washed
platelets) in siliconized glass cuvettes with constant stirring at
37 °C. Platelet aggregation was assayed by light transmission
in a PAP-4 aggregometer (Bio-Data, Alpha Laboratories,
Eastleigh, UK) in triplicate. PPP and JNL buffer were used as
the 100% light transmission references for PRP and washed
platelets respectively. The pharmacological protease activated
receptor type 1 agonist SFLLRN—NH, (0.1 uM; Clinalfa,
Laufelfingen, Switzerland) and adenosine diphosphate (ADP,
5 uM; Trinity Biotech, Wicklow, Ireland) were used as agonist
positive controls. The lag time to platelet aggregation was
measured as the time from addition of agonist to the initiation
of platelet aggregation up to a 25 min limit. The maximal
percentage platelet aggregation was also determined.

2.9. Flow cytometry

2.9.1. Bacterium—platelet adhesion

S. aureus—platelet adhesion was measured following
incubation of 9 x 10" Hoechst 33342-labeled bacterial cells
with 9 x 10° platelets in PRP at room temperature for 5 min,
followed by labeling with 1% fluorescein isothiocyanate
(FITC)-conjugated mouse anti-human CD42a antibody
(Serotec, Kidlington, UK) for 30 min, and fixing with 1 ml 1%
(v/v) paraformaldehyde. Fluorescent data were determined
within 24 h of fixation using a FACSVantage SE cell sorter
(Becton Dickinson, Oxford, UK) with FACSDiVa software
(Becton Dickinson, Oxford, UK). One hundred thousand
platelets were collected for each sample and distilled water,
flow buffer (Becton Dickinson, Oxford, UK) and Tris buffer
served as negative controls. S. aureus bound to platelets were
identified as cells positive for both Hoechst and FITC fluo-
rescent signals, and data were analyzed using FlowJo v 8.8.6
(Tree Star Inc., OR, USA) to determine the percentage of
platelets bound to S. aureus and the percentage of S. aureus
cells bound to platelets [24].

2.9.2. In vivo and in vitro platelet activation

Within 5 min of transfer into a p-phenylalanyl-L-propyl-L-
arginine chloromethylketone tube, blood was labeled at room
temperature with the appropriate monoclonal antibodies for
determination of in vivo platelet activation [26,27]. Briefly,
mouse anti-human CD14-phycoerythrin (PE; Inverness
Medical, Stockport, UK) and anti-CD42a-FITC were added to
60 ul of blood at a 1:40 dilution for detection of plate-
let—monocyte aggregates (PMA). Anti-CD42a-FITC and
mouse anti-human CD62P-PE (Serotec, Kidlington, UK) at
a 1:2 dilution were used to label 5 pul of blood for detection of
platelet P-selectin expression. The appropriate isotope mouse
IgG, antibodies (Serotec, Kidlington, UK) and flow buffer
served as negative controls. Following 20 min of immuno-
labelling, PMA samples were fixed with 500 pl FACS lyse
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solution (Becton Dickinson, Oxford, UK) and P-selectin
samples with 1.425 ml 1% (v/v) paraformaldehyde.

Platelet activation was quantified within 24 h of sample
fixation using dual-channel flow cytometry (FACSCalibur,
Becton Dickinson, Oxford, UK) with at least 2000 monocytes
and 7500 platelets collected for each assay. PMAs were
defined as monocytes expressing CD14 that were also positive
for CD42a, and P-selectin-expressing platelets were defined as
platelets that were positive for CD62P. Data were acquired and
analyzed using CellQuest software (Becton Dickinson,
Oxford, UK), and results expressed as a percentage of the
monocyte or platelet cell population respectively.

For determination of agonist-induced platelet P-selectin
expression in vitro, bacterial suspensions were added to PRP
at a ratio of 10:1, incubated for 30 min at room temperature,
and labeled with 2% anti-CD42a-FITC, anti-CD62P-PE or
the appropriate IgG, isotype control for 30 min. Samples
were fixed with 1 ml 1% (v/v) paraformaldehyde, and platelet
P-selectin expression was determined as described above
using a FACScan flow cytometer (Becton Dickinson, Oxford,
UK). SFLLRN—NH, (1 pM) was used as a positive control.

2.10. Immobilized plasma protein adherence assays

Adherence of bacteria to immobilized fibrinogen and
fibronectin was performed as previously described [25,28].
Briefly, 96-well flat-bottomed plates (Nunc, Loughborough,
UK) were coated with serial dilutions of 100 pl of
0—50 pg/ml human fibrinogen or bovine fibronectin in PBS,
and incubated at 4 °C overnight. Plates were thrice washed
with 100 pl PBS, and then incubated with 100 pl of 2 mg/ml
filter-sterilised bovine serum albumin (Sigma, Dorset, UK) for
1 hat 37 °C. S. aureus cells (1.25 x 108) were added to each
well and incubated for 2 h at 37 °C under constant rotation,
fixed with 100 pl 25% (v/v) formaldehyde (VWR, Lutter-
worth, UK) for 30 min at room temperature, stained with
100 wl 0.5% (w/v) crystal violet (Sigma, Dorset, UK) for
1 min, and washed three times with 100 pul PBS between each
fixing or staining stage. The absorbance at 590 nm (Asqg) wWas
determined in an enzyme-linked immunosorbent assay
(ELISA) plate reader (VERSAmax microplate reader,
Molecular Devices, Wokingham).

2.11. Statistical analysis

Data analysis was performed using SPSS v. 16.0 (SPSS
Inc, Chicago, IL, USA) for Macintosh. The chi-squared test
was used to compare polymorphism frequencies and the
normality of data distribution was determined using the
Shapiro—Wilk test. The Kruskal—Wallis and Mann—Whitney
U tests were used to analyze the relationship between platelet
receptor genotype and numerical data, while Fisher’s exact
and the chi-squared tests were used to determine the corre-
lation between platelet receptor polymorphisms and categor-
ical variables. Statistical significance was taken as two-sided
P < 0.05 for all analyses. Values are expressed as
mean =+ standard deviation.

3. Results
3.1. Characteristics of the study population

Clinical characteristics of 40 recruited patients with infective
endocarditis (75% male, 56 £+ 17 y) are outlined in Table 1.

Table 1
Clinical characteristics of 40 recruited patients with infective endocarditis.

Number (%)

Clinical feature

Age, y 56 + 17
Male 30 (75)
Time from diagnosis to study participation 12+ 15d
Type of valve

Native 26 (65)

Prosthetic 14 (35)
Bioprosthetic 8
Mechanical 6

Valvular heart disease 14 (35)

Congenital heart disease 8

Bicuspid aortic valve 4

Rheumatic heart disease 1

Degenerative valve 1

Previous infective endocarditis 6 (15)
Intravenous drug abuse 4 (10)
Affected valve(s)

Mitral 16 (40)

Aortic 13 (32)

Mitral + aortic 6 (15)

Tricuspid £ mitral or aortic 4 (10)

Pulmonary 1(3)

Organism(s)

Streptococci 15 37)
Viridans streptococci 11
Non-viridans streptococci 4

Staphylococci 11 (28)
Staphylococcus aureus 8
Coagulase-negative staphylococci 3

Streptococci + staphylococci 2(5)

Enterococci 2(5)

Other” 7(17)

Culture-negative 3(8)

Vegetation

Present 31 (78)

Length, mm® 15+ 8

Width, mm® 9+4

Surgery 25 (63)

Replacement 19

Repair 5

Replacement + repair 1

Embolic phenomena® 15 (38)

Cerebral 8

Splenic 3

Pulmonary 2

Spinal 2

Renal 2

Heart failure 12 (30)
Death 9 (23)
Composite clinical end-point® 30 (75)

* Other organisms isolated include Aerococcus urinae, Aerococcus viridans,
Gemella sanguinis, Granulicatella adiacens, Haemophilus parainfluenzae,
Propionibacterium acnes and Serratia marcescens (n = 1 for each).

® Vegetation characteristics were determined for 30 subjects.

¢ 2 subjects had more than one site of embolism.

9 The clinical end-point represents a composite of embolism, heart failure,
need for surgery and mortality.
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Patients were recruited into the study 12 &+ 15 d after diagnosis.
The mitral or aortic valves were affected in 87% of cases, with
streptococci and staphylococci collectively accounting for 70%
of cases of infective endocarditis. Just over a third of patients
had underlying valvular heart disease or prosthetic valves, 15%
had a past history of infective endocarditis and 10% were
intravenous drug abusers. Vegetations were identified in 78% of
subjects, and vegetation dimensions were measured in 97% of
patients using transthoracic or transesophageal echocardio-
graphic images acquired 7 £ 8 d after diagnosis. Clinically
detected emboli were present in 38% of cases, heart failure in
30%, 63% required surgical treatment and the mortality rate in
our patient cohort was 23%. The composite clinical end-point of
embolism, heart failure, need for surgery and heart failure was
present in 75% of patients. Out of the 160 healthy volunteers,
33% were male with a mean age of 30 £+ 10 y.

3.2. Susceptibility to infective endocarditis

We determined the distribution of the GPIIla PI*"** and
FcyRIla H131R polymorphisms in patients with infective
endocarditis and all allelic variants were in Hardy—Weinberg
equilibrium (P = 0.686 and P = 0.770, respectively). The
distribution of GPIIla PI*'*? and FcyRIla HI31R platelet
receptor genotype did not vary between patients with infective
endocarditis and healthy volunteers (P = 0.675 and P = 0.774
respectively; Table 2), and were consistent with findings from
previous studies of platelet receptor polymorphisms [13,19,28].

3.3. In vivo platelet activation and clinical outcome

We analyzed the association of GPIIla P1*'A? and FcyRIIa
HI31R genotype with in vivo platelet activation and clinical
characteristics in patients with infective endocarditis. Given
the modest study population, a composite clinical end-point
was used.

Table 2

Frequencies of the platelet receptor GPIIla PI*VA? and FcyRIla HI31R
polymorphisms in 40 patients with infective endocarditis compared to 160
healthy volunteers.

Platelet Infective Healthy P value” Healthy Healthy
receptor  endocarditis  volunteers, volunteers  volunteers
genotype  patients, n = 160 (%) n = 88" n =31°
n =40 (%)
GPIIIa P14
PIAVAL 29 (72%) 126 (78%)  0.675 58 17
PIAVA2 10 (25%) 30 (19%) 26 10
PIAA% 1 (3%) 4 (3%) 4 4
FcyRIla H131R
H/H 11 (28%) 39 (24%) 0.774 23 7
H/R 19 (47%) 72 (45%) 40 16
R/R 10 (25%) 49 (31%) 25 8

% The P value was determined using the chi-squared test.

® Platelet receptor genotype for healthy volunteers selected for platelet
aggregation studies using PRP.

¢ Platelet receptor genotype for healthy volunteers selected for flow cyto-
metric studies and platelet aggregation studies using washed platelets.

Baseline demographic variables for subjects stratified by
GPIlIla PI*"A? genotype are outlined in Table 3. As only one
subject had the P1*#? genotype, data for this individual were
excluded from all analyses. Apart from an association of the
GPIIla PI*'A! genotype with infection by staphylococci or
streptococci (P = 0.030; Table 3), the GPIIla PI*YA? poly-
morphism did not influence background factors in patients with
infective endocarditis. The GPIIIa P1*""A! genotype was asso-
ciated with increased in vivo platelet activation (P = 0.001 for
PMA and P = 0.026 for platelet P-selectin expression; Fig. 1)
and reduced embolism (P = 0.027; Table 3). However, there
were no correlations of the GPIIIa P1*""A? polymorphism with
vegetation characteristics or the composite clinical end-point of
embolism, heart failure, need for surgery or mortality (P > 0.05
for all).

Demographic variables for patients with infective endo-
carditis, categorized by FcyRIIa HI131R genotype, are depicted
in Table 4. Apart from an association of the R131 allele with
solitary aortic valve infection (P = 0.005), -clinical

Table 3
Baseline demographics and clinical outcome in 39 patients with infective
endocarditis stratified by the GPIIla PI*"A? platelet receptor genotype.

GPIIla PI*"A? genotype P value®
Al/Al,n =29 Al/A2,n =10

Age (y) 56 + 17 56 + 17 0.949
Male (%) 22 (76) 8 (80) 1.000
Native valve (%) 20 (69) 6 (60) 0.704
Valvular heart disease (%) 8 (28) 5 (50) 0.254
Previous infective 2(7) 3 (30) 0.096

endocarditis (%)
Intravenous drug 3 (10) 1 (10) 1.000

abuser (%)
Affected valve (%)

Mitral 11 (38) 4 (40) 0.524

Aortic 10 (35) 3 (30)

Mitral + aortic 5 (17) 1 (10)

Tricuspid £ mitral/aortic 3 (10) 1(10)

Pulmonary 0 1 (10)
Presence of vegetations (%) 22 (76) 8 (80) 1.000
Vegetation length, mm"” 14+5 20 + 12 0.166
Vegetation width, mm"” 9+4 9+3 0.946
Organism (%)

Streptococci 13 (45) 2 (20) 0.030

Staphylococci 10 (35) 1 (10)

Streptococci + staphylococci 2 (7) 0 (0)

Enterococci 1(3) 1 (10)

Other 2(7) 5 (50)

Culture negative 13) 1 (10)
Surgery (%) 18 (62) 7 (70) 0.721
Embolic phenomena (%) 8 (28) 7 (70) 0.027
Heart failure (%) 10 (34) 1 (10) 0.228
Death (%) 6 (21) 3 (30) 0.669
Composite clinical 22 (73%) 8 (80%) 1.000

end-point (%)°

# P values were determined using the Mann—Whitney U test for numerical
variables, and Fisher’s exact test or the chi-squared test for categorical vari-
ables. Data for the one PI*¥A2 subject are not depicted and were excluded
from all analyses.

° Data on vegetation characteristics were available for 29 of the 30 subjects
with vegetations.

¢ The clinical end-point represents a composite of embolism, heart failure,
need for surgery and mortality.
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Fig. 1. Association between GPIlla plAl/A2 genotype and platelet activation in

patients with infective endocarditis. Data for the one PI***? patient are not
depicted. PMA, platelet—monocyte aggregates. P values were determined
using the Mann—Whitney U test.

characteristics did not vary with FcyRIla HI31R genotype.
Platelet activation, measured as both PMA and platelet
P-selectin expression, did not vary with FcyRIla H131R geno-
type (P = 0.656 and P = 0.891 respectively; data not shown).
Although the H/R genotype was associated with reduced need
for surgery (P = 0.005; Table 4) and the H131 allele with the
development of heart failure (P = 0.024; Table 4), there were no
correlations between FcyRIla HI31R genotype, vegetation
characteristics or the composite clinical end-point.

3.4. Bacterium—platelet interactions in vitro

In order to investigate the influence of platelet receptor
polymorphisms on S. aureus—platelet interactions, we exam-
ined S. aureus—platelet adhesion, activation and aggregation
in vitro using platelets from healthy volunteers of different
GPIlla PI*"A? and FcyRIla H131R genotype (Table 2). In
total, six different bacterial preparations, including S. aureus
strain Newman and two clinical isolates from infective endo-
carditis (strains 207 and 209), grown to both exponential and
stationary phases of growth, were used in platelet interaction
studies. S. aureus strain 207 grown to stationary phase did not
induce platelet aggregation within 25 min and was therefore
not utilized as an agonist in further S. aureus—platelet inter-
action studies. The S. aureus strains employed exhibited
differences in the capacity to adhere to immobilized fibrinogen
and fibronectin in vitro (Fig. 2). In the exponential phase of
growth, strain Newman demonstrated weak binding to fibro-
nectin, and strain 207 did not adhere to fibronectin at all. In
stationary phase, all three strains adhered to fibrinogen with
the highest affinity exhibited by strain Newman (Fig. 2).

Platelet aggregometry was performed with PRP obtained
from 88 of the 160 healthy volunteers (40% male, 30 = 9 y),
selected to represent different GPIIla P1*"4? and FcyRlla
HI31R genotypes (Table 2). Results obtained using PI**¥42
platelets were excluded from all analyses given the small
number of subjects in this group (n = 4) and the highly variable
data (Table 5). An association of GPIIIa P1*""A! genotype with

Table 4
Baseline demographics and clinical outcome in 40 patients with infective
endocarditis stratified by the FcyRIla H131R platelet receptor polymorphism.

FcyRIla HI131R genotype P value®
H/H, H/R, R/R,
n=11 n=19 n =10
Age (y) 56 + 13 59+ 18 49 +21 0470
Male (%) 6 (55) 15 (79) 9 (90) 0.149
Native 8 (73) 10 (53) 8 (80) 0.279
valve (%)
Valvular heart 7 (64) 5 (26) 2 (20) 0.061
disease (%)
Previous infective 327 2(11) 1 (10) 0.408

endocarditis (%)

Intravenous 0 3 (16) 1 (10) 0.381
drug abuser (%)
Affected valve (%)
Mitral 5 (45) 7 (37) 4 (40) 0.005
Aortic 0 11 (58) 2 (20)
Mitral + aortic 5 (45) 0 1 (10)
Tricuspid £ mitral/aortic 1 (10) 1(5) 2 (20)
Pulmonary 0 0 1 (10)
Presence of 9 (82) 14 (74) 8 (80) 0.856
vegetations (%)
Vegetation 21 + 14 13£5 16 =7 0.166
length, mm"
Vegetation 8§£2 8§ t4 10£5 0.946
width, mm®
Organism (%)
Streptococci 4 (37) 6 (32) 5 (50) 0.545
Staphylococci 2 (18) 6 (32) 3 (30)
Streptococci + 109 15 0
staphylococci
Enterococci 2 (18) 0 0
Other 109 4 (21) 2 (20)
Culture negative 109 2 (10) 0
Surgery (%) 10 (91) 7 (37) 8 (80) 0.005
Embolic 2 (18) 8 (42) 5 (50) 0.274
phenomena (%)
Heart failure (%) 6 (55) 6 (32) 0 0.024
Death (%) 4 (36) 5 (26) 0 0.118
Composite clinical 10 91%) 12 (63%) 8 (80%) 0.219

end-point (%)°

% P values were determined using the Kruskal—Wallis test with Mann—
Whitney U correction for numerical variables and the chi-squared test for cate-
gorical variables.

® Data on vegetation characteristics were available for 30 of 31 subjects with
vegetations.

¢ The clinical end-point represents a composite of embolism, heart failure,
need for surgery and mortality.

reduced lag time to aggregation (P = 0.038) was apparent for
one of the six bacterial agonists examined (exponential phase
Newman; Table 5), while an increase in percentage aggregation
of GPIlla PIA VAL platelets (P = 0.033) was observed for another
bacterial agonist (stationary phase 209; Table 5). Exponential
phase 209 was associated with reduced percentage aggregation
of platelets with the FcyRIIa R/R genotype (P = 0.043; Table 6).
For all other bacterial agonist preparations, there were no
differences in aggregation of platelets of different GPIIla P1* /A2
or FcyRIIa HI31R genotype in PRP (Tables 5 and 6), suggesting
that platelet receptor polymorphisms do not have a broad
influence on S. aureus-induced platelet aggregation. Notably,
percentage platelet aggregation did not vary with platelet
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Fig. 2. Adherence of S. aureus strains to immobilized plasma proteins. Strains Newman (4 ), 207 (@), or 209 (H), were grown to exponential phase and
incubated with doubling dilutions of immobilized bovine fibronectin (A), or grown to stationary phase and incubated with doubling dilutions of immobilized
human fibrinogen (B). Adherence of strain Newman to wells incubated with BSA only was used to determine background levels ( A ).

receptor genotype for the pharmacological agonists ADP and
SFLLRN—NH, (Tables 5 and 6).

In order to investigate the possibility that differences in
plasma protein and IgG concentration could influence sensi-
tivity to platelet aggregation [29,30], platelet aggregometry
was repeated with washed platelets isolated from 31 healthy
volunteers (52% male, 33 £ 9 y) selected on the basis of their
platelet receptor genotype (Table 2). There were no significant
correlations between platelet receptor genotype and aggrega-
tion of washed platelets induced by S. aureus and pharmaco-
logical agonists (Tables 5 and 6), implying that the small
number of significant associations observed for specific
bacterial agonists in PRP may have been due to differences in
plasma protein concentrations in human volunteers.

Finally, in order to determine whether the GPIIla PIAYA2 and
FcyRIla H131R polymorphisms influence S. aureus—platelet
adhesion or activation distinct from aggregation, flow cytom-
etry was performed using blood from the same 31 representa-
tive individuals used for washed platelet aggregation analysis
(Table 2). We discovered that GPIlla PI*"A? and FcyRlIla
H131R genotype did not influence S. aureus—platelet binding
or S. aureus-induced platelet activation (Tables 5 and 6).

4. Discussion

Previous studies have identified associations between
platelet receptor polymorphisms and susceptibility to vascular
and immune disease [15,16,19,20]. This is the first study to
investigate the association between platelet receptor genotype,
S. aureus—platelet interactions and clinical outcome in
infective endocarditis. Overall, our data suggest that the
GPIIla P1*"A? and FcyRIla H131R platelet receptor poly-
morphisms do not have a major influence on S. aqur-
eus—platelet adhesion, activation and aggregation in vitro or
prognosis in infective endocarditis.

The GPIIla PI*"A? and FcyRIIa H131R platelet receptor
polymorphisms did not influence S. aureus—platelet adhesion
or activation in vitro. However, highly variable strain-dependent
effects on S. aureus-induced platelet aggregation were

observed, highlighting the dynamic interaction between host
and pathogen that may influence the outcome of infection [11].
Considerable differences in the capacity to induce platelet
aggregation exist among S. aureus clinical isolates, likely
reflecting variation in MSCRAMM expression [23,25,31]. For
example, strain 209 induced more rapid platelet aggregation in
the exponential phase compared to the stationary phase of
growth, while the converse was true for strain Newman (Tables
5 and 6). This is consistent with our knowledge of the
predominant role of fibronectin-binding proteins (Fnbps), in
S. aureus-induced platelet aggregation during the exponential
phase of growth, as strain 209 adhered strongly to fibronectin
whereas strain Newman does not express functional Fnbps and
binds fibronectin weakly (Fig. 2) [32]. In addition, strain 207
did not induce rapid platelet aggregation in exponential phase,
consistent with its complete lack of fibronectin-binding activity
(Fig. 2). In the stationary phase of growth, the fibrinogen-
binding protein clumping factor A (CIfA) is regarded as the
predominant surface protein involved in platelet aggregation
[33]. However, strains 207 and 209 had long lag times to platelet
aggregation in stationary phase, in spite of their capacity to bind
to fibrinogen (Fig. 2), but both strains demonstrated lower
adherence compared to strain Newman, possibly reflecting
lower levels of expression of CIfA on the bacterial cell surface.

The associations between GPIlla PI*YA% and FcyRlIla
H131R genotype and S. aureus-induced platelet aggregation in
PRP were lost when washed platelets were used, suggesting
that variation in the concentration of immunoglobulins or
plasma proteins such as fibrinogen, fibronectin or von Wille-
brand factor may have influenced our results [11,29].

Our data are consistent with previous studies that have
demonstrated a lack of effect of the FcyRIla HI131R genotype
on shear-induced platelet activation and platelet aggregation
induced by both pharmacological agonists and streptococci
[18,30]. However, our observations contrast with those of large
studies that have demonstrated increased platelet activation
and aggregation in response to ADP and epinephrine in P1*?
carriers. This may be due to the use of bacterial agonists and
saturating concentrations of pharmacological agonists in the
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Table 5

Correlation between GPIlla PI*!A2 genotype and S. aureus-induced platelet
aggregation, activation and S. aureus—platelet binding using blood from
selected healthy volunteers.

Agonist GPIlla PI*"A? genotype P value®
Al/Al Al1/A2 A2/A2

Platelet-rich plasma (n = 88)

Lag time, min

Newman, stationary 192 +£0.65 183 +£047 2.63 £+ 125 0.965

209, stationary 8.60 £ 3.51 1244 +7.28 6.08 £ 141 0.862

Newman, exponential 6.07 + 1.41 6.60 = 1.26 6.92 + 1.03 0.038

207, exponential 9.19 £336 9.11 £3.62 831 £5.14 0.642

209, exponential 1.94 £ 0.64 184 £050 3.13 +1.82 0.768

Platelet aggregation, %

Newman, stationary 67 + 10 69 +7 66 + 2 0.809

209, stationary 68 + 8 64 + 10 63 + 33 0.033

Newman, exponential 69 + 12 60 £+ 19 76 + 7 0.091

207, exponential 66 + 15 66 + 13 70 + 16 0.595

209, exponential 63+9 63 + 14 67 £ 4 0.642

ADP 69 + 12 74 + 12 70 £ 6 0.074

SFLLRN—NH, 68 + 12 69 £ 13 69 +£7 0.762

Washed platelets (n = 31)

Lag time, min

Newman, stationary 3.00 £ 090 2.89 £+ 126 9.21 £10.56 0.553

209, stationary 10.20 + 8.73  9.10 + 9.18 13.66 + 7.88 0.418

9.05 + 9.16 21.01 + 7.99° 0.829
19.24 + 8.78 22.93 + 4.14° N/A?
8.74 + 7.43 16.32 &+ 10.10 0.979

Newman, exponential 8.65 & 8.02
207, exponential 25¢
209, exponential 7.74 £ 5.48
Platelet aggregation, %

Newman, stationary 82 +4 80 £ 6 8 £5 0.590
209, stationary 73 + 12 77 +£7 73 + 17 0.692
Newman, exponential 66 £ 16 75£6 78° 0.314
209, exponential 71 + 12 72 + 8 75 + 1 0.830
ADP 29 + 20 36 + 17 12+16 0215
SFLLRN—NH, 71 £ 19 755 64 22  0.306

Agonist-induced platelet activation, % (n = 31)

Newman, stationary 55 + 29 49 + 25 43 + 33 0.711
209, stationary 26 + 11 18 + 11 24 + 6 0.093
Newman, exponential 36 + 20 40 + 19 31 £ 16 0.604
207, exponential 24 £ 15 18 £ 12 25 +£ 11 0.443
209, exponential 28 + 17 20 £ 12 21 +4 0.223
SFLLRN—NH, 82 + 14 83+ 6 78 + 14 0.660

Percentage of platelets bound to S. aureus, % (n = 31)

Newman, stationary 84 + 21 85 + 26 91 £ 8 0.792
209, stationary 86 + 22 86 + 23 92 +£8 0.874
Newman, exponential 58 + 27 53 £+ 26 70 £+ 31 0.751
207, exponential 78 £+ 25 74 4+ 28 77 + 20 0.426
209, exponential 57 + 25 52 + 28 58 + 19 0.598

Percentage of S. aureus cells bound to platelets, % (n = 31)

Newman, stationary 49 + 10 44 £+ 15 56 £ 9 0.312
209, stationary 44 + 12 38 £ 12 48 + 12 0.200
Newman, exponential 22 +£ 12 18 £ 11 25 + 8 0.711
207, exponential 24 + 10 21 £ 8 23+3 0.339
209, exponential 18 £ 11 14+7 17+ 3 0.419

Percentage platelet aggregation in response to strain 207 grown to exponential
phase could not be analyzed when using washed platelets, as aggregation was
only observed with platelets isolated from 2 subjects. Data for S. aureus strain
207 at stationary phase of growth were not analyzed as platelet aggregation
was not observed in response to this agonist.

* P values were determined using the Mann—Whitney U test comparing the
PI*VAl to the PI*'A? genotype.

 Only one PI*¥*? subject’s washed platelets aggregated in response to
S. aureus strains Newman and 207 at the exponential phase of growth.

¢ Lag times of 25 min represent absence of platelet aggregation.

¢ Statistical analyses could not be performed as platelet aggregation was not
observed with PI*'A! platelets in response to strain 207 at the exponential
phase of growth.

Table 6

Correlation between FcyRIIa H131R genotype and S. aureus-induced platelet
aggregation, activation and S. aureus—platelet binding using blood from
selected healthy volunteers.

FcyRIla HI31R genotype
H/H H/R R/R

Agonist P value®

Platelet-rich plasma (n = 88)
Lag time, min

Newman, stationary 1.82 £ 0.58
209, stationary 8.02 + 3.69
Newman, exponential 5.90 & 1.61

1.94 £0.68 2.02 £ 0.69 0.384
8.31 £3.85 991 £4.00 0.287
6.67 £1.29 592 +1.07 0.077

207, exponential 9.28 £3.64 9.18 £3.60 8.87 £ 3.23 0.765
209, exponential 1.86 £ 0.51 192 +0.64 2.16 + 1.01 0.401
Platelet aggregation, %

Newman, stationary 69 +9 68 + 8 65 + 10 0.351
209, stationary 68 +9 67 + 10 64 + 14 0.611
Newman, exponential 70 + 14 65 £ 17 66 + 9 0.285
207, exponential 69 + 10 64 + 17 66 £+ 13 0.576
209, exponential 65 +6 65 + 8 57+ 15 0.043
ADP 73 + 11 70 + 13 69 + 11 0.206
SFLLRN—NH, 65 + 15 70 + 12 68 +£9 0.275

Washed platelets (n = 31)

Lag time, min

Newman, stationary 326 £0.66 3.19 £ 1.18 542 +£7.96 0.949
209, stationary 9.00 £8.18 9.59 £ 8.13 12.81 + 10.31 0.948
Newman, exponential 11.98 + 10.44 8.74 £ 8.19 12.61 £+ 10.42 0.328
207, exponential 23.62 +3.38 22.85 £ 598 22.82 + 6.18 0.536

209, exponential 957 £790 929 +£7.23 8.68 +£726 0.332
Platelet aggregation, %

Newman, stationary 81 £3 79 +£5 85+ 4 0.066
209, stationary 75+ 6 73 + 14 77 + 8 0.385
Newman, exponential 69 £ 5 75+£5 56 +£22  0.207
209, exponential 76 + 3 69 + 13 74 + 5 0.251
ADP 33 £ 31 29 £ 16 26 £19 0.877
SFLLRN—NH, 75 +7 71 +£7 68 £ 18  0.622

Agonist-induced platelet activation, % (n = 31)

Newman, stationary 64 + 29 54 + 27 40 £+ 25 0.294
209, stationary 27 £ 12 22 £ 12 23 +9 0.834
Newman, exponential 49 4+ 24 38 +£ 16 25 £ 15 0.059
207, exponential 31 £22 19 £ 11 22 +£10 0450
209, exponential 34 +23 23 + 14 21+ 6 0.410
SFLLRN—NH, 78 +£ 23 84 + 6 79 + 11 0.473

Percentage of platelets bound to S. aureus, % (n = 31)

Newman, stationary 87 £ 23 87 £ 18 80 £26  0.456
209, stationary 84 + 28 90 + 16 82 +25 0544
Newman, exponential 56 + 30 60 + 29 57 +£34 0964
207, exponential 75 + 31 81 + 21 70 £+ 27 0.476
209, exponential 51+ 27 59 + 23 51 +£30 0.730

Percentage of S. aureus cells bound to platelets, % (n = 31)

Newman, stationary 52+£9 48 £ 13 47 £ 14  0.768
209, stationary 47 £ 13 42 + 12 40 £+ 12 0.550
Newman, exponential 21 £ 6 22 + 14 19+ 9 0.896
207, exponential 20+ 6 25 + 10 22 +7 0.699
209, exponential 17 £ 1 18 £ 11 15+5 0.591

Percentage platelet aggregation in response to strain 207 grown to exponential
phase could not be analyzed when using washed platelets, as aggregation was
only observed with platelets isolated from 2 subjects. Data for S. aureus strain
207 at stationary phase of growth were not analyzed as platelet aggregation
was not observed in response to this agonist.

* P values were determined using the Kruskal—Wallis test.

current study, and the paucity of subjects carrying the GPIIla
PI*¥A2 genotype [17].

Consistent with our in vitro experiments and large studies
that have examined the role of platelet receptor polymorphisms
in thrombosis, immune disease and intravascular device
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infection, GPIIIa PI*"*? and FcyRIIa H131R genotype did not
influence the development of infective endocarditis, vegetation
characteristics or the composite clinical end-point of embolism,
heart failure, need for surgery or mortality [16,34—36].
Notably, the demographics of our infective endocarditis study
population were similar to those observed in large multi-center
published studies [2,37], but rates of staphylococcal endo-
carditis and vegetation formation were lower than expected,
possibly due to a reduced prevalence of S. aureus infection in
comparison to the USA [2,4,37]. Rates of heart failure, embo-
lism and mortality were comparable to other published
research, while rates of surgery were higher than reported by
Murdoch et al., most likely attributable to the Edinburgh Royal
Infirmary being a tertiary referral center for cardiothoracic
surgery [2,38].

In contrast to our in vitro analysis, we identified increased
platelet activation in patients with infective endocarditis
homozygous for the P1*' allele, suggesting that the P1*VA!
genotype may influence bacterium—platelet interactions in
vivo. However, an effect of the differing demographics of our
study populations, which included predominantly older male
infective endocarditis patients and a cohort of mostly younger
female healthy volunteers, cannot be ruled out, particularly as
it is known that platelet activation increases with age and in
female subjects [39,40]. It is also possible that the low shear
environment encountered during platelet aggregometry in
vitro, in contrast to the high shear environment in vivo, may
influence S. aureus—platelet interactions [41]. Furthermore, it
is possible that the growth of S. aureus in human blood in
vivo, as opposed to nutrient-rich culture medium in vitro, may
influence the expression of MSCRAMMs implicated in
bacterium-induced platelet activation [42,43].

Finally, it is important to note that the current study had
a modest patient population size, particularly with regards to
the PI**"? genotype. A larger study would also enable
correction for possible confounding factors such as age,
gender, ethnicity, antibiotic treatment, platelet receptor
density, source of infection and underlying cardiac and
bacteremic risk factors for infective endocarditis [22]. In
particular, correction for pathogen-related factors such as route
of acquisition and bacterial species would be desirable.
Nevertheless, the combination of approaches employed here,
including the analysis of samples from well-defined clinical
cases of infective endocarditis and in vitro platelet functional
analyses, strongly suggest that the GPIIIa P1*"? and FcyRIIa
H131R platelet receptor polymorphisms do not influence S.
aureus—platelet interactions in vitro and do not constitute risk
factors for infective endocarditis.

Conflict of interest statement
SD is currently employed by GlaxoSmithKline, UK.
Acknowledgements

We are grateful to Fiona Rossi and Shonna Johnston for
assistance with flow cytometry, and to Tim Foster for helpful

advice. Determination of the GPIIla P1*"#? and FcyRIla
HI31R polymorphisms were performed by the genetics core
unit of the Wellcome Trust Clinical Research Facility, Western
General Hospital, Edinburgh. This work was supported by the
British Heart Foundation Clinical PhD Studentship FS/06/012.

References

[1] D. Horstkotte, F. Follath, E. Gutschik, M. Lengyel, A. Oto, A. Pavie,
J. Soler-Soler, G. Thiene, A. von Graevenitz, S.G. Priori, M.A. Garcia,
J.J. Blanc, A. Budaj, M. Cowie, V. Dean, J. Deckers, E. Fernandez Burgos,
J. Lekakis, B. Lindahl, G. Mazzotta, J. Morais, A. Oto, O.A. Smiseth,
J. Lekakis, A. Vahanian, F. Delahaye, A. Parkhomenko, G. Filipatos,
J. Aldershvile, P. Vardas, Guidelines on prevention, diagnosis and treat-
ment of infective endocarditis executive summary; the task force on
infective endocarditis of the European society of cardiology, Eur. Heart J.
25 (2004) 267—-276.

[2] D.R. Murdoch, G.R. Corey, B. Hoen, J.M. Miro, V.G. Fowler Jr., A.S.
Bayer, A.W. Karchmer, L. Olaison, P.A. Pappas, P. Moreillon, S.T.
Chambers, V.H. Chu, V. Falco, D.J. Holland, P. Jones, J.L. Klein, N.J.
Raymond, K.M. Read, M.F. Tripodi, R. Utili, A. Wang, C.W. Woods,
C.H. Cabell, Clinical presentation, etiology, and outcome of infective
endocarditis in the 21st century: the International Collaboration on Endo-
carditis-Prospective Cohort Study, Arch. Intern. Med. 169 (2009) 463—473.

[3] C. Watanakunakorn, T. Burkert, Infective endocarditis at a large

community teaching hospital, 1980—1990. A review of 210 episodes,

Medicine (Baltimore) 72 (1993) 90—102.

C.H. Cabell, J.G. Jollis, G.E. Peterson, G.R. Corey, D.J. Anderson, D.J.

Sexton, C.W. Woods, L.B. Reller, T. Ryan, V.G. Fowler Jr., Changing

patient characteristics and the effect on mortality in endocarditis, Arch.

Intern. Med. 162 (2002) 90—94.

[5] D.T. Durack, Experimental bacterial endocarditis. IV. Structure and
evolution of very early lesions, J. Pathol. 115 (1975) 81—89.

[6] D.J. Ferguson, A.A. McColm, D.M. Ryan, P. Acred, A morphological

study of experimental staphylococcal endocarditis and aortitis. II. Inter-

relationship of bacteria, vegetation and cardiovasculature in established
infections, Br. J. Exp. Pathol. 67 (1986) 679—686.
F. Rouzet, M. Dominguez Hernandez, F. Hervatin, L. Sarda-Mantel,
A. Lefort, X. Duval, L. Louedec, B. Fantin, D. Le Guludec, J.B. Michel,
Technetium 99m-labeled annexin V scintigraphy of platelet activation in
vegetations of experimental endocarditis, Circulation 117 (2008)
781—789.
C.H. Cabell, K.K. Pond, G.E. Peterson, D.T. Durack, G.R. Corey, D.J.
Anderson, T. Ryan, A.S. Lukes, D.J. Sexton, The risk of stroke and death
in patients with aortic and mitral valve endocarditis, Am. Heart J. 142
(2001) 75—80.
[9] S. De Castro, G. Magni, S. Beni, D. Cartoni, M. Fiorelli, M. Venditti,
S.L. Schwartz, F. Fedele, N.G. Pandian, Role of transthoracic and
transesophageal echocardiography in predicting embolic events in
patients with active infective endocarditis involving native cardiac
valves, Am. J. Cardiol. 80 (1997) 1030—1034.
[10] G. Di Salvo, G. Habib, V. Pergola, J.F. Avierinos, E. Philip, J.P. Casalta,
J.M. Vailloud, G. Derumeaux, J. Gouvernet, P. Ambrosi, M. Lambert,
A. Ferracci, D. Raoult, R. Luccioni, Echocardiography predicts embolic
events in infective endocarditis, J. Am. Coll. Cardiol. 37 (2001)
1069—1076.

[11] J.R. Fitzgerald, T.J. Foster, D. Cox, The interaction of bacterial patho-
gens with platelets, Nat. Rev. Microbiol. 4 (2006) 445—457.

[12] D.R. Phillips, I.LF. Charo, L.V. Parise, L.A. Fitzgerald, The platelet
membrane glycoprotein IIb-IIla complex, Blood 71 (1988) 831—843.

[13] PJ. Newman, R.S. Derbes, R.H. Aster, The human platelet alloantigens,
PIA1 and PIA2, are associated with a leucine33/proline33 amino acid
polymorphism in membrane glycoprotein IIla, and are distinguishable by
DNA typing, J. Clin. Invest. 83 (1989) 1778—1781.

[14] K.V. Vijayan, P.F. Bray, Molecular mechanisms of prothrombotic risk

due to genetic variations in platelet genes: enhanced outside-in signaling

[4

finr}

[7

—

=
&



[15]

[16]

[17]

(18]

[19]

[20]

(21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

S. Daga et al. / Microbes and Infection 13 (2011) 216—225

through the Pro33 variant of integrin beta3, Exp. Biol. Med. (Maywood)
231 (2006) 505—513.

D. Feng, K. Lindpaintner, M.G. Larson, V.S. Rao, C.J. O’Donnell,
I. Lipinska, C. Schmitz, P.A. Sutherland, H. Silbershatz, R.B. D’ Agos-
tino, J.E. Muller, R.H. Myers, D. Levy, G.H. Tofler, Increased platelet
aggregability associated with platelet GPIIla PIA2 polymorphism: the
Framingham Offspring Study, Arterioscler. Thromb. Vasc. Biol. 19
(1999) 1142—1147.

C. Meisel, J.A. Lopez, K. Stangl, Role of platelet glycoprotein poly-
morphisms in cardiovascular diseases, Naunyn Schmiedebergs Arch.
Pharmacol. 369 (2004) 38—54.

A.D. Michelson, M.I. Furman, P. Goldschmidt-Clermont, M.A. Mascelli,
C. Hendrix, L. Coleman, J. Hamlington, M.R. Barnard, T. Kickler, D.J.
Christie, S. Kundu, P.F. Bray, Platelet GP I1la P1(A) polymorphisms display
different sensitivities to agonists, Circulation 101 (2000) 1013—1018.

J. Chen, J.F. Dong, C. Sun, A. Bergeron, L. McBride, M. Pillai, M.R.
Barnard, J. Salmon, A.D. Michelson, P.F. Bray, Platelet FcgammaRIIA
His131Arg polymorphism and platelet function: antibodies to platelet-
bound fibrinogen induce platelet activation, J. Thromb. Haemost. 1
(2003) 355—362.

T. Lehrnbecher, C.B. Foster, S. Zhu, S.F. Leitman, L.R. Goldin, K. Huppi,
S.J. Chanock, Variant genotypes of the low-affinity Fcgamma receptors in
two control populations and a review of low-affinity Fcgamma receptor
polymorphisms in control and disease populations, Blood 94 (1999)
4220—4232.

W. van der Pol, J.G. van de Winkel, IgG receptor polymorphisms: risk
factors for disease, Immunogenetics 48 (1998) 222—232.

J.S.Li, D.J. Sexton, N. Mick, R. Nettles, V.G. Fowler Jr., T. Ryan, T. Bashore,
G.R. Corey, Proposed modifications to the Duke criteria for the diagnosis of
infective endocarditis, Clin. Infect. Dis. 30 (2000) 633—638.

T.M. Bashore, C. Cabell, V. Fowler Jr., Update on infective endocarditis,
Curr. Probl. Cardiol. 31 (2006) 274—352.

L. O’Brien, S.W. Kerrigan, G. Kaw, M. Hogan, J. Penades, D. Litt, D.J.
Fitzgerald, T.J. Foster, D. Cox, Multiple mechanisms for the activation of
human platelet aggregation by Staphylococcus aureus: roles for the
clumping factors CIfA and CIfB, the serine-aspartate repeat protein SArE
and protein A, Mol. Microbiol. 44 (2002) 1033—1044.

M.R. Yeaman, PM. Sullam, PF. Dazin, D.C. Norman, A.S. Bayer,
Characterization of Staphylococcus aureus—platelet binding by quanti-
tative flow cytometric analysis, J. Infect. Dis. 166 (1992) 65—73.

J.R. Fitzgerald, A. Loughman, F. Keane, M. Brennan, M. Knobel, J. Hig-
gins, L. Visai, P. Speziale, D. Cox, T.J. Foster, Fibronectin-binding proteins
of Staphylococcus aureus mediate activation of human platelets via
fibrinogen and fibronectin bridges to integrin GPIIb/IIla and IgG binding to
the FcgammaRlIIa receptor, Mol. Microbiol. 59 (2006) 212—230.

I.J. Gudmundsdottir, I.L. Megson, J.S. Kell, C.A. Ludlam, K.A. Fox, D.J.
Webb, D.E. Newby, Direct vascular effects of protease-activated receptor
type 1 agonism in vivo in humans, Circulation 114 (2006) 1625—1632.

J. Sarma, C.A. Laan, S. Alam, A. Jha, K.A. Fox, I. Dransfield, Increased
platelet binding to circulating monocytes in acute coronary syndromes,
Circulation 105 (2002) 2166—2171.

M. Laule, I. Cascorbi, V. Stangl, C. Bielecke, K.D. Wernecke, P.M.
Mrozikiewicz, S.B. Felix, I. Roots, G. Baumann, K. Stangl, A1/A2
polymorphism of glycoprotein IIla and association with excess proce-
dural risk for coronary catheter interventions: a case-controlled study,
Lancet 353 (1999) 708—712.

[29]

[30]

[31]

(32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40

[41]

[42]

[43]

225

D. Feng, K. Lindpaintner, M.G. Larson, C.J. O’Donnell, I. Lipinska, P.A.
Sutherland, M. Mittleman, J.E. Muller, R.B. D’ Agostino, D. Levy, G.H. Tofler,
Platelet glycoprotein IIla Pl(a) polymorphism, fibrinogen, and platelet
aggregability: the Framingham heart study, Circulation 104 (2001) 140—144.
A. McNicol, R. Zhu, R. Pesun, C. Pampolina, E.C. Jackson, G.H.
Bowden, T. Zelinski, A role for immunoglobulin G in donor-specific
Streptococcus sanguis-induced platelet aggregation, Thromb. Haemost.
95 (2006) 288—293.

C.M. Kessler, E. Nussbaum, C.U. Tuazon, In vitro correlation of platelet
aggregation with occurrence of disseminated intravascular coagulation and
subacute bacterial endocarditis, J. Lab. Clin. Med. 109 (1987) 647—652.
M. Grundmeier, M. Hussain, P. Becker, C. Heilmann, G. Peters, B. Sinha,
Truncation of fibronectin-binding proteins in Staphylococcus aureus
strain Newman leads to deficient adherence and host cell invasion due to
loss of the cell wall anchor function, Infect. Immun. 72 (2004)
7155—7163.

A.Loughman, J.R. Fitzgerald, M.P. Brennan, J. Higgins, R. Downer, D. Cox,
T.J. Foster, Roles for fibrinogen, immunoglobulin and complement in
platelet activation promoted by Staphylococcus aureus clumping factor A,
Mol. Microbiol. 57 (2005) 804—818.

A. Di Castelnuovo, G. de Gaetano, M.B. Donati, L. Iacoviello, Platelet
glycoprotein receptor IIla polymorphism PLA1/PLA2 and coronary risk:
a meta-analysis, Thromb. Haemost. 85 (2001) 626—633.

D. Musher, E. Goldsmith, S. Dunbar, G. Tilney, R. Darouiche, Q. Yu,
J.A. Lopez, J.F. Dong, Association of hypercoagulable states and
increased platelet adhesion and aggregation with bacterial colonization
of intravenous catheters, J. Infect. Dis. 186 (2002) 769—773.

M. Karakas, M.M. Hoffmann, C. Vollmert, D. Rothenbacher, C. Mei-
singer, B. Winkelmann, N. Khuseyinova, B.O. Bohm, T. Illig, W. Marz,
W. Koenig, Genetic variation in Fc gamma receptor Ila and risk of
coronary heart disease: negative results from two large independent
populations, BMC Med. Genet. 10 (2009) 46.

M. Heiro, H. Helenius, S. Hurme, T. Savunen, K. Metsarinne, E. Eng-
blom, J. Nikoskelainen, P. Kotilainen, Long-term outcome of infective
endocarditis: a study on patients surviving over one year after the initial
episode treated in a Finnish teaching hospital during 25 years, BMC
Infect. Dis. 8 (2008) 49.

V.G. Fowler Jr, JM. Miro, B. Hoen, C.H. Cabell, E. Abrutyn,
E. Rubinstein, G.R. Corey, D. Spelman, S.F. Bradley, B. Barsic, P.A.
Pappas, K.J. Anstrom, D. Wray, C.Q. Fortes, I. Anguera, E. Athan,
P. Jones, J.T. van der Meer, T.S. Elliott, D.P. Levine, A.S. Bayer,
Staphylococcus aureus endocarditis: a consequence of medical progress,
J. Am. Med. Assoc. 293 (2005) 3012—3021.

N. Faraday, P.J. Goldschmidt-Clermont, P.F. Bray, Gender differences in
platelet GPIIb-IIIa activation, Thromb. Haemost. 77 (1997) 748—754.
M. Franchini, Hemostasis and aging, Crit. Rev. Oncol. Hematol. 60 (2006)
144—151.

M.H. Kroll, J.D. Hellums, L.V. Mclntire, A.I. Schafer, J.L. Moake,
Platelets and shear stress, Blood 88 (1996) 1525—1541.

P.M. Schlievert, L.C. Case, K.A. Nemeth, C.C. Davis, Y. Sun, W. Qin,
F. Wang, A.J. Brosnahan, J.A. Mleziva, M.L. Peterson, B.E. Jones, Alpha
and beta chains of hemoglobin inhibit production of Staphylococcus
aureus exotoxins, Biochemistry 46 (2007) 14349—14358.

J.M. Yarwood, J.K. McCormick, P.M. Schlievert, Identification of a novel
two-component regulatory system that acts in global regulation of virulence
factors of Staphylococcus aureus, J. Bacteriol. 183 (2001) 1113—1123.



	Platelet receptor polymorphisms do not influence Staphylococcus aureus–platelet interactions or infective endocarditis
	Introduction
	Materials and methods
	Subjects
	Clinical outcomes and definitions
	Echocardiography
	Blood sampling
	Platelet receptor polymorphism genotyping
	Generation of PRP and washed platelets
	Bacterial strain preparation
	Platelet aggregometry
	Flow cytometry
	Bacterium–platelet adhesion
	In vivo and in vitro platelet activation

	Immobilized plasma protein adherence assays
	Statistical analysis

	Results
	Characteristics of the study population
	Susceptibility to infective endocarditis
	In vivo platelet activation and clinical outcome
	Bacterium–platelet interactions in vitro

	Discussion
	Conflict of interest statement
	Acknowledgements
	References


