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Abstract

Aims: Inflammation in infective endocarditis (IE) is a complex network including interactions of inflammatory cytokines and
other components of host response. Certainly, any variation in this network could influence susceptibility or disease
progression of IE. In this study, 14 single nucleotide variants (SNVs) in genes coding for interleukin-1p, interleukin-6,
interleukin-10, toll-like receptor-4, tumor necrosis factor-o, selectin E and intercellular adhesion molecule-1 were analyzed
for an association with susceptibility to IE and correlated with disease-related laboratory parameters. Furthermore, the
occurrence of SNVs was examined to elucidate pathogen-dependent associations.

Methods and Results: The distribution of SNVs was determined in |IE-patients and healthy blood donors by RFLP analysis.
White blood cells (WBC) were counted using flow cytometry, concentration of C-reactive protein and procalcitonin was
measured immunologically. Interleukin-6 c.471+870G>A genotypes differed significantly between IE patients and controls.
The frequency of the heterozygote genotype GA was considerably higher in the patient group (68.9% vs. 43.8%, P.<<0.0003).
Interleukin-6 c.-237 minor allele frequency was increased in patients, although not statistically significant. Additionally, we
detected a potential relation between interleukin-1f ¢.315C>T and IE. Pathogen-dependent analysis showed no
significantly associated subgroup in relation to IE susceptibility, but gave hints towards alterations regarding Enterococcus-
caused IE cases. Patients with genotype selectin-E c.-19 GT tend to have higher preoperative WBC counts than patients with
genotype GG. We further showed an association between two interleukin-1 SNVs and laboratory biomarkers.

Conclusion: This study shows genetic predispositions for the establishment of IE. Furthermore, correlation of SNVs with
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Introduction

Infective endocarditis (IE) is a microbiological infection of the
endothelial lining of the heart valves with a high morbidity and
mortality [1,2]. The spectra of causing organisms is widely spread
throughout gram-positive and gram-negative bacteria, but the
gram-positive genera Streptococcus, Staphylococcus and Entero-
coccus represent the primary cause of IE cases [3,4].

The pathophysiology of IE represents a multifactorial process,
in which several different components determine the extent and
outcome of IE. Initially, bacteria have to enter the bloodstream,
followed by transport to endocardial structures, where bacteria
have to adhere to and/or invade endothelial cells [5]. In this
context, the inflammatory cascade in response to the causative
microorganisms is crucial for disease progression. Variations of
single inflammatory parameters could influence the host defense
mechanism and the establishment of IE could be facilitated
throughout the dysfunctional equilibrium [6,7]. It has been shown
for sepsis and other bloodstream infections that the occurrence of
single nucleotide variants (SNVs) can influence the infection
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process, whereas information about SNVs in association with IE is
rare [8].

Pathogen recognition could be altered with distinct genetic
variants in genes coding for toll-like receptors or other recognition
structures. A SNV in the gene coding for human toll-like receptor
2 was shown to be associated with increased risk for IE [9].
Additionally, two potentially associated SNVs of the lipopolysac-
charide-binding protein were identified to influence IE suscepti-
bility [10]. In contrast, SN'Vs in genes coding for platelet receptors
GPIIIa and FcyRIIa were not associated with the risk of IE cases
[11]. The cytokine host response includes several candidate genes,
where SNVs could influence the inflammatory host response [8].
Several studies showed an association of tumor necrosis factor-o
(TNF) or interleukin (IL)-6 SNVs with outcome of septic patients
[12]. Adhesion molecules like selectin E (SELE) or intercellular
adhesion molecule-1 (ICAMI) showed an importance in IE in the
course of endothelial activation, through their high expression on
infected heart valves [13]. Additionally, a SNV in SELE showed
an association with altered monocyte adhesion or procoagulant
activity in response to human endotoxemia [14,15].
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As previously shown, laboratory parameters of IE patients can
give hints towards disease progression or extent. For example,
Wallace et al. showed a relation of abnormal white blood cell
(WBC) counts and increased mean C-reactive protein (CRP)
concentrations with the mortality of IE patients [16]. Cornelissen
et al. revealed that procalcitonin (PCT) in IE patients could serve
as a possible biomarker for the disease outcome [17]. Variations of
inflammatory parameters as a consequence of SNVs in the
corresponding genes could possibly be shown by abnormal
biomarkers. Therefore, an influence of SNVs on IE disease
progression or outcome could be shown by abnormal laboratory
infection parameters.

To point out potential associations of genetic variations to IE,
we evolved an association study which includes 14 SNVs in genes
involved in the inflammatory response to IE. For this purpose, we
selected genetic variants of different proteins involved in the whole
infection process (pathogen-recognition, early inflammatory re-
sponse, inflammatory signaling, and restriction of inflammatory
response). Particular SNVs were in discussion regarding an
assoclation for sepsis (e.g. TNF, IL6, IL10) or having an potential
bias to pathobiochemical processes of inflammation (e.g. SELE)
[8,15]. For the first time, the patient group was divided into several
pathogen-related subgroups (Staphylococcus, Streptococcus, En-
terococcus and others) to study a pathogen-dependent association.
Finally, we examined data regarding inflammatory laboratory
parameters (CRP, WBC, PCT) to find out whether there are hints
towards an altered inflammatory response as a consequence of

SNVs.

Methods

Study design and cohort characteristics

The investigation was a retrospective study concerning the
genotypes of 14 SNVs in IE patients, which were hospitalized in
the heart and diabetes center NRW (Bad Oeynhausen, Germany)
and underwent surgical intervention in course of IE. For
examination of genotypes of SNVs in this study, only back-up
samples of DNA extracted from surgically removed heart valves
were available. The concentration of genomic DNA in patient
samples varies due to the heterogeneous character of surgically
removed heart valves. Furthermore, the availability of tissue
material for DNA extraction was limited, therefore not all patients
were analyzed for each SNV. Identification of causative pathogens
was performed by standard blood culture methods or broad-range
bacterial PCR of surgically removed heart valves, as described
previously [4]. The control cohort consisted of 185 healthy blood
donors. The characteristics of patients and controls are summa-
rized in the Table S1. The study protocol was approved by the
institutional review board of the Ruhr University of Bochum and
all patients provided informed written consent.

Sample preparation

EDTA-anticoagulated whole blood was collected in EDTA
monovettes (Sarstedt, Nimbrecht, Germany). Serum samples were
collected in serum monovettes (Sarstedt), followed by clotting
reaction and centrifugation (4000 xg, 10 min). Within two days of
collection, samples were stored at —70°C until assayed as
described below. Genomic DNA of IE patients was isolated from
surgically removed heart valves. Total DNA was extracted with
the QIAamp DNA blood kit (Qiagen, Hilden, Germany)
according to the manufacturer’s instructions, and DNA was eluted
with 50 pL sterile distilled water from the QIAamp column.
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RFLP analysis of genetic variants

The genetic variations analyzed in this study were genotyped by
restriction fragment length polymorphism (RFLP) analysis. PCR
primers and restriction enzymes are listed in the Table S2. Each
25 puLL PCR reaction contained HotMaster Taq PCR buffer with
1.5-3.5 mM MgCl, (Table S2), 200 nM of each dNTP, 2 pM of
each primer and 1.25 U HotMaster Taq DNA polymerase
(5Prime, Gaithersburg, USA). Thermal cycling conditions were as
follows: initial denaturation at 95°C for 300 s, followed by 45
amplification cycles (denaturation at 95°C for 30 s; annealing for
30 s [temperature according to Table S2]; amplification at 72°C
for 60 s). Restriction of PCR products was performed for 16 h
according to manufacturer’s instructions for each enzyme (Table
S2). PCR products were digested with restriction endonucleases
and analyzed by agarose gel electrophoresis.

Measurement of CRP, PCT and WBC counts in sera of IE

patients

WBC counts were measured immediately after collection of
EDTA-anticoagulated blood using the Cell-dyn Ruby (Abbott
Diagnostics, Illinois, USA). CRP concentration in serum samples
of IE patients was measured with the ultrasensitive latex
immunoassay CRP Vario (Abbott Diagnostics) and PCT mea-
surement was performed using the immunoluminometric assay on
the LIAISON analyzer (DiaSorin, Stillwater, USA), according to

manufacturer’s instructions.

Statistical analysis

All gene variants were tested for confirmation with the Hardy-
Weinberg equilibrium. Allele frequencies between cases and
controls were compared using the Fisher’s exact test (Odds ratio
and 95% CI). P-values were additionally proved using the
Bonferroni method. Genotypes were compared using the ¥ -test.
Analysis was performed using GraphPad Prism 5.0 software
(GraphPad, San Diego, USA). Haploview 4.2 was used for
determination of haplotypes, whereas frequencies were compared
using the y*-test. CRP levels, PCT levels and WBC counts were
compared using the Mann-Whitney test. P-values<<0.05 were
considered to be significant.

Results

Association analysis of sequence variations

The allelic distribution of the 14 analyzed SNVs is listed in
Table 1. All analyzed frequencies were in the Hardy-Weinberg
equilibrium. For TLR4, SELE, ICAM1 and IL10 genetic variants
included in this study, no noticeable differences were observed.
Although statistical significant differences were solely shown for
IL6 ¢.4714+870G>A genotypes, some noticeable varieties, regard-
ing the other tested genetic variants in IL1B, TNF and IL6, were
observed.

For ILIB, three different SNVs were analyzed. Allele and
genotype distribution did not differ between patients and controls
for IL1B ¢.-118C>T. The ILIB ¢.302-64 A allele was found
frequently higher in the control group (37.3% vs. 31.7%;
P.=0.612). The homozygote genotype AA was found in 13.5%
of the control group, in contrast to 5.7% of the patient cohort, but
a significant association could not be detected (P>0.05). The IL1B
c.315 T allele showed a higher frequency in this group (32.2% vs.
26.2%) due to a higher heterozygote frequency in the patient
group (49.0% vs. 34.1%). The Bonferroni corrected P-value did
not confirm an association of the T allele with the patient cohort

(P, = 0.447).
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Analysis of the three promotor variants of the TNF gene (c.-
418G>A, c.-488G>A, c.-1043C>A) showed no differences in
allele frequencies. For c.-488G>A and TNF c.-1043C>A,
noticeable disparities can be shown regarding the genotype
frequencies (c.-488G>A; GG IE patients 70.1% vs. GG controls
62.7%; c.-1043C>A: CC IE patients 75.7% vs. 69.9%).

Three different SNVs were analyzed in the IL6 gene. The
intronic SNV ¢.471+870G>A showed no significant association
with IE regarding the allele distribution. However, the genotype
frequencies showed a markedly higher appearance of heterozy-
gotes in patients (68.9% vs. 43.8%, P.<<0.0003), whereas the
frequency of homozygote genotypes AA and GG was significantly
lower. IL6 c.-661A>G also did not differ significantly regarding
the allelic distribution (A allele: controls 42.1%, patients: 45.4%),
but again, the homozygote genotype of the G allele was noticeably
higher in the control group (35.3% vs. 26.1%), whereas the
heterozygote genotype was found more often in the patient group
(57.1% vs. 45.1%). A significant difference between controls and
patients could not be shown (P.=0.339). SNV IL6 c.-237C>G
had a noticeably higher frequency of the minor allele in the patient
cohort (C allele: 47.1% vs. 40.0%, P.=0.279). The genotypes GC
was more frequent in the patient group (53.8% vs. 43.2%), but
again, these frequencies did not reach statistical significance
(P.=0.234).

Haploview analysis of haplotypes for IL1B, TLR4, TNF and
IL6 did not reveal any associated haplotype with IE (data not
shown).

Association of SNVs with the |E-causing pathogen

In addition to the association study, the IE patient cohort was
divided into four pathogen-associated subgroups: Staphylococcus,
Streptococcus, Emnterococcus and other IE cases. The allele
frequencies were compared to determine a potential association
of allele types with the causing pathogen (Table 2).

None of the analyzed variants was found considerably more
often in a pathogen-associated subgroup (P>0.05), but some
variants showed a noticeable allele frequency in the subgroups. In
the Enterococcus subgroup, a lower frequency of TNF c.-488G>A
in comparison to the control group was shown (13.3% vs. 21.1%).
In contrast, other variations showed a higher minor allele
frequency in the Enterococcus subgroup in comparison to controls
(e.g. ILIB ¢.315T 39.3% vs. 26.2%, TNF c.-418A 10.0% vs.
3.8%).

The subgroup composed of other organisms (culture-negative
endocarditis, fungal species or more than one causative pathogen)
showed noticeable allele frequencies in some cases. For example,
IL1B ¢.302-64A showed a frequency of 28.6% in this subgroup
compared to a considerably higher frequency of the A allele in
controls (37.3%) (P.= 0.936). In addition, IL10 c.-627A was found
in 18.2% of patients in this subgroup, whereas the allele frequency
in the control group was obviously higher (24.3%). The TNF c.-
418A allele frequency was likewise increased in this subgroup
(10.0% vs. 3.8%, P.=0.261). In addition, the IL6 c.-661A allele
and ¢.-237G allele showed a high frequency in the subgroup of
other pathogens compared with the control group (c.-661A 50%
vs. 42.1%, P.=1.000 and c.-237C 52.2% vs. 40.0%, P.=0.456).

The Staphylococcus subgroup showed minor increased allele
frequencies for the SNVs IL6 c.-661A (46.6% vs. 42.1%,
P.=1.000) and c.-237C (48.9% vs. 40.0%, P.=0.447).

Correlation between SNVs with CRP level, WBC counts
and PCT level

To examine a potential association of SNVs with an altered
inflammation in IE, genotype distributions were correlated with

October 2014 | Volume 9 | Issue 10 | e110151



Genetic Variants in Infective Endocarditis

T00¥'LSLOLL0"duod jeulnof/LZEL°0LIOp

(SS¥°0) SS¥°0

(000°1) 000°L

(86€°0) 86€°0

(000°L) 000°L  (d) d

(98£°0) 98270

(€S£0) €S20

(£L£0) £LLO

(¢16'0) TL60  (d) d

(€¥2) 06 (z8l) 8 (€0 6 (£'82) €T (§°€0) vT v (£'Tp) 8SL (9'0v) 9z (£'sP) 1T (r'sv) 6€ (S'ep) Lv D)
[(%)u]
(£°£4) 08T (818) 9¢ (€9£) 6T (€14) LS (SvL) 8L b (€°£5) TlT (r'69) 8€ (€vS) ST (9vS) L¥ (599) 19 v sPRIIY
V<D£T9- OLTI D<VSOvL> LINVDI uoneuep

(66€°0) 66€°0 (£18°0) £180 (9£5°0) 9450 (€€L°0) €€£0  (d) d (95¥°0) ZSL'0 (000°1) €280 (000°L) £85°0 (Lv'0) 6710 (d) d

el or (1'8) § oL s (5'6) 8 (9oL) LL 1 (0'0v) 8¥L (Tes) vz (L'ey) 9L (6°€Y) 6C (6'8Y) £V D
[(%)u]
(9°£8) vze (6°16) LS (9°68) € (5°06) 92 (r'68) €6 5 (009) zTT (8'Lv) TT (6°£9) TT (1'99) L€ (L'L9) sv 5 SPRIIvY
1<D61- 3713S D<ILET- 9T e

(000°L) TSL0 (zsS'0) 9270 (919'0) 80€°0 (069°0) S¥E0 Cdd (000°L) S¥E0 (000°1) 000°L (000°L) 000°L (0o0'L) €270 (Cd) d

(1's) 61 (€€ T (S'6) ¥ 6°2) L (S2) 8 1 (L'ey) SSL (009) €T (L'ey) 9L (¥'ey) 8T (99%) 1t Y
[(%)u]
(6'76) LSE (£'96) 85 (5'06) 8€ (1'ze6) 18 (5'26) 86 b (6'£8) €1T (009) €T (6'£8) TT (9'£5) 8¢ (¥'es) Ly 5 SPRIIvY
1<D9401" vH1L D<VY199- 971 uoneuep

(000°L) TSL0 (zss'0) 9270 (919'0) 80€°0 (069°0) S¥€0  (Cd) d (000'1) 000°L (000°1) 000°L (000°L) €680 (0o0'L) L1zzo  Cd d

(L's) 61 (€€) ¢ (S'6) v 672) £ (92) 8 5 (6'sS) L0T (5'99) 9t (€'99) 1T (9'£9) 8¢ (S°€S) Lv v
[(%)u]
(6'76) LSE (£'96) 85 (5°06) 8€ (L'z6) 18 (7'z6) 86 v (L'vb) €91 (S'ev) 0T (Lvy) L1 (r'ey) 8T (S'9) Lt 5 |V
D<VILLD PYUIL VY<D0L8+LLP™ 971 1ep

(€1LS°0) LLL'O (000°1) 0080 (000°L) TLLO (000'1) 0LS0  (d) d (000°L) 1850 (zss0) ¥81°0 (000°L) 0€¥°0 (000°L) sov'0  (Cd) d

(991) 19 (S2) € (E€L) ¥ (€'81) LL (zoL) 1L v (z'92) L6 (6'0€) €1 (€6€) LL (0'L€) 8L (z'1€) st L
[(%)u]
(7'€8) LO€ (S'26) LE (£'98) 9T (£'18) 6v (€68) €L p) (8'€L) €LT (1'69) 6T (£°09) L1 (0'69) OF (8'89) SS p) sPRIY
V<DEYOL-> ANL 1<OSsLED a1l uoneuep

(000°L) 6€8°0 (000°1L) 6£¥°0 (000°L) 000°L (5250) SZ1'0 (d) d (9€6'0) TLEO (000°L) £89°0 (000°L) €8€°0 (0o0'L) 0190 (Cd) d

(1'12) 82 (ST 6 (€€l) ¥ (007) 2L (EvL) TL v (€£€) 8€L (9'82) ZL (L'ze) 6 (0'L€) 8L (8'€€) LT v
[(%)u]
(6'82) T6€ (§°22) 1€ (£'98) 9T (0'08) 8t (£'98) T P) (£29) Tee ¥'LL) 0 (6°29) 61 (0'69) OF (z'99) €5 5 PRIy
V<588t-2 dNL V<D¥9-Z0€™ 911l uoneuep

(19Z°0) £80°0 (18€°0) LZL'0 (000°L) 000°L (000°L) Lb20  (d) d (000°L) 1980 (000°L) 000°L (000°1) 65£°0 (000'L) €20 (d) d

(8€) vl (ool) ¥ (ool) € (€€ ¢ ¥ e v (0°0€) LLL (6'0€) €1 (9'87) 8 (9£2) 91 (0's€) 8T b
[(%)u]
(2'96) 95€ (006) 9¢ (0°06) LT (£96) 85 (9°26) 28 5 (00£) 65T (1'69) 6T (r'LL) 0T L) o (0°99) TS 1 sPRIIY
V<D8Lt-2 ANL 1<D8LL -2 9111 uoneuep
S|o43u0d siayjo -dds *dds -dds sjoa3uod siayjo ‘dds -dds ‘dds dnoabqns

SN2202049)uy  SN220303da.43§ sn>»020/Aydeys sN>2050493U7 sn>30>03da.13s snx»osoiAydeys

‘UoI1da110d

1uoJIdjuUOg J91e SanjeA-d Buipuodsaiiod g ‘Bnjea-d :d $|0Juod yum uosiedwod ul poyod juaned padnoibgns-usboyred soy sapuanbaiy pue uonnquisip 99y *Z dqel

October 2014 | Volume 9 | Issue 10 | e110151

PLOS ONE | www.plosone.org



Genetic Variants in Infective Endocarditis

A ns B * C ns
50- ns 501 ns 250- ns e
ns * 200 N
404 N 404 1504
35 5 o
E. 30- E, 304 B . N H 40
E . E —F— i 301
S 20 h 8200 " <] i
o i R o = —-_-;% . 20+ 5
10- : : — 10 @ " - . %
cc cT T cc cT ™ cc cT T
(n=30) (n=31) (n=6) (n=34) (n=35) (n=7) (n=28) (n=27) (n=6)
IL1B ¢.315C>T pre-OP IL1B ¢.315C>T post-OP IL1B ¢.315C>T Q

(postipre)

Figure 1. Pre- (A) and postoperative (B) CRP levels (mean = SEM), as well as factorial change Qost/pre) ©f CRP (C) in the course of
surgical intervention in patient sera in correlation with IL1B c.315C>T genotype (ns: not significant; * =P<0.05).

doi:10.1371/journal.pone.0110151.g001

the inflammatory laboratory parameters CRP, WBC and PCT. In
order to show potential influence of SNVs on inflammatory
response, pre- and postoperative values for CRP, WBCs and PCT
were examined (maximum two days before or after surgical
intervention). Additionally, the differences in individual response
in the course of heart valve replacement were calculated (quotient
post—/preoperative value; Qgos/pre))-

Associations of preoperative biomarkers level might show hints
to an altered reaction to pathogens. Furthermore, analysis of
postoperative values or consideration of the quotient Qgos/pre)
could provide clues of an altered reaction to surgical intervention
(e. g. mechanistically stress).

No relation between laboratory biomarkers and TLR4, IL10
and IL6 SNVs could be found (data not shown). The SNVs IL1B
c.315C>T and ¢.302-64G>A, as well as SELE c.-19G>T and

TNF c¢.-418G>A, can be associated with altered levels of CRP,
WBC or PCT (Figures 1-3). The other SNVs belonging to TNF
and IL1B were also not associated with alterations in these
biomarkers.

ILIB ¢.315C>T was associated with altered CRP levels in
patients (Figure 1). Preoperative values showed no differences
between genotypes of ¢.315C>T (Figure 1A), but, in contrast, the
mean CRP values of patients with genotype TT (23.19 mg/dl)
were significantly higher after surgical intervention in comparison
to patients with genotype CC (16.29 mg/dl, P=0.012, P.=0.036)
or CT (17.06 mg/dl, P=0.040, P.=0.120) (Figure 1B). However,
no significant differences concerning the Qypos/pre) of CRP values
in correlation to ILIB ¢.315C>T genotypes could be observed
(Figure 1C).
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Figure 2. Pre- and postoperative WBC counts (mean + SEM), as well as factorial change Q(,os¢/pre) of WBCs in the course of surgical
intervention in patient sera (ns: not significant; *=P<0.05, **=P<0.005). 2A-C: WBC counts in correlation with IL1B c.315C>T; A:
Preoperative WBCs, B: Postoperative WBCs, C: Q(ost/pre) Of CRP in the course of surgical intervention; 2E-G: WBC counts in correlation with SELE c.-
19G>T; E: Preoperative WBCs, F: Postoperative WBCs, G: Q(post/pre) Of CRP in the course of surgical intervention.

doi:10.1371/journal.pone.0110151.g002
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Figure 3. Pre- and postoperative PCT levels (mean + SEM), as well as factorial change Quost/pre) Of PCT in the course of surgical
intervention in patient sera (ns: not significant; nd: not determined, *=P<0.05). 3A-C: PCT levels in correlation with TNF c.-418G>A; A:
Preoperative PCT level, B: Postoperative PCT level, C: Q(post/pre) Of PCT in the course of surgical intervention; 3E-G: PCT levels in correlation with IL1B
€.302-64G>A; A: Preoperative PCT level, B: Postoperative PCT level, C: Qpost/pre) Of PCT in the course of surgical operative intervention.

doi:10.1371/journal.pone.0110151.g003

In addition to higher CRP levels, postoperative WBC counts of
patients with ILIB ¢.315C>T genotype TT (17.29x10/1) were
significantly higher than postoperative WBC counts of patients
carrying the C allele (CC: 13.67 x10%/1, P=0.015, P, =0.045; CT:
12.09%x10%/1, P=0.002, P.=0.006) (Figure 2B). Preoperative
WBC counts or factorial change between pre- and postoperative
levels were not associated with IL1B ¢.315C>T genotype
(Figures 2A, 2C).

Additionally, SELE c¢.-19G>T influenced WBC counts in
patients group (Figures 2D-F). As shown in Figure 2D, preoper-
ative WBC counts were significant higher in patients carrying the
T allele (GG: 10.78x10%/1, GT: 15.59x10°/1; P=0.040,
P.=0.040). WBC counts after surgically intervention or Qqpost/pre)
were not associated with SELE ¢.-19G>T (Figures 2E, 2F).

The PCT levels of the patient group were shown to be
associated with SNVs TNF c.-418G>A and IL1B ¢.302-64G>A
(Figure 3). As shown in figure 3A and B, TNF c.-418G>A did not
influence pre- or postoperative levels of PCT in IE patients.
However, it can be shown, that Qo/pre) of PCT in the course of
surgical intervention is higher in patients carrying the A allele (GA:
9.39) than the Qgo/prey Of patients with genotype GG (2.62,
P=0.018, P.=0.054) (Figure 3C).

IL1B ¢.302-64G>A influences postoperative PC'T values, as
well as the factorial enhancement of PC'T, in the course of surgical
intervention, as shown in Figure 3D-F. Preoperative PCT levels
did not differ between IL1B ¢.302-64G>A genotypes (Figure 3D).
However, patients with GA genotype showed significantly lower
PCT levels after surgical intervention (Figure 3E) (AA: 51.18 ng/
ml, AG: 7.25 ng/ml, P=0.012, P.=0.036). In concordance,
Qgpost/prey Was shown to be decreased in patients with the
heterozygote genotype (AA: 62.6, AG: 1.9, P=0.014, P.=0.042).

PLOS ONE | www.plosone.org

Discussion

Inflammatory parameters are essential factors in the patho-
physiology of IE. Genetic variations in cytokine genes have a wide
research spectrum regarding other infectious diseases, but data
suggesting an altered susceptibility to IE in association with genetic
variations in candidate genes of inflammation are rare [8]. In this
study, we analyzed a large number of SNVs in connection to IE,
showing a potential influence of the SNVs IL1B ¢.315C>T, IL6
c.471+870G>A and IL6 c.-237C>G in association with IE.
Although significance only remained after Bonferroni correction in
the case of IL6 c.471+870G>A, these three variants remain
potential candidates for influencing susceptibility to IE. For genetic
variants in TLR4 and IL10, no associations to IE susceptibility
were observed in this study.

IL1B ¢.315C>T showed a higher frequency of the T allele in
the patient cohort (32.2% vs. 26.2%, p=0.149, P.=0.447). Some
studies assume that ILIB ¢.315C>T influences IL1B protein
expression, whereas others were not able to support this hypothesis
[18,19]. Additionally, the influence of ILIB ¢.315C>T to the
inflammatory response was shown throughout a decreased CRP
concentration in sera of healthy individuals in association with
genotype TT [20]. In our study group, there were significantly
higher postoperative CRP levels and WBC counts associated with
¢.315 TT. The interrelationship of IL1B genetic variants and CRP
has previously been discussed in the context of other diseases [21].
Therefore, this genetic variation of IL1B is possibly associated with
an altered postoperative inflammatory response. Increased post-
operative CRP levels and WBC counts point to an extended
inflammation of patients with genotype TT and, as previously
shown, abnormal values of CRP or WBC can be associated with
increased mortality of IE patients [16]. In addition, IL1B ¢.302-
64G>A heterozygote genotype was associated with a decreased
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factorial enhancement of PCT in the course of surgical interven-
tion, although this SNV was not associated with IE. Interestingly,
IL1B ¢.315 T allele was detected more often in the Enterococcus
subgroup. A pathogen-dependent association of SNVs with IE
susceptibility is conceivable, but remains unsolved so far.

No differences in genotype or allele frequencies between IE
patients and controls can be observed for SELE c.-19G>T.
However, regarding the preoperative level of laboratory param-
eters, a significantly higher WBC count was shown in association
with the genotype GT. Abnormal WBC counts in IE were
associated with mortality [16]. Therefore, this observation could
hint at an association of SELE c.-19G>T genotype to alterations
concerning the individual inflammatory response to pathogens
during IE disease progression.

Three SNVs in the promotor region of TNF gene were
analyzed in this association study. Although an association of TNF
c.-488G>A with sepsis or severity of sepsis was demonstrated in
many studies, Jessen et al. also failed to confirm an association with
gram-negative sepsis [22-25]. Our data showed no influence of
TNF promotor variants c.-418G>A, c.-488G>A or c.-1043C>A
on IE susceptibility. Some studies revealed altered protein levels in
concordance with TNF promotor SNVs, whereas others did not
confirm this association [26]. The correlation of laboratory
parameters revealed an association of TNF c.-418G>A with the
individual factorial change Qgos/prey of PCT in the course of
surgical heart valve replacement. Whether or not this observation
regarding altered PCT in linkage to TNF c.-418G>A and IL1B
¢.302-64G>A shows an influence towards alterations in the
inflammatory response remains unsolved so far.

The IL6 variants are shown to be particularly noteworthy. IL6
c.471+870 GA genotype was significantly associated with IE
patients. The frequency of heterozygote genotype of the other two
IL6 variants was also noticeably higher in IE patients, although
differences failed to be statistically significant. Taken together, the
influence of IL6 variants could influence IE responsiveness of
individuals. Tischendorf et al. demonstrated an influence of c.-
237C>G on IL6 plasma concentration in patients with severe
sepsis, whereby ex vivo LPS stimulation of IL6 was pronounced in
patients with CC or CG genotype [27]. IL6 gene variants were
found to be associated with higher systolic blood pressure [28].
Although the effect of IL6 gene variants on blood pressure seems
to be modest, the in vivo affection in IE cannot be assessed.
Alterations in blood pressure could promote injuries to the
endocardium, serving as nidus for bacterial adhesion to endothe-
lial cells. A weak association of c.-237C>G with an increased
mortality in the patient cohort with severe sepsis was demonstrated
[29]. The IL6 gene variant c.4714+870G>A is an intron gene
variant, and only marginal information is accessible to date.
However, the heterozygote genotype of this genetic variant was
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detected more often in IE patients. It was described, that this SNV
includes a CpG site, but influence on IL6 expression in
inflammatory response is not known up to now [30]. Therefore,
we assume that this SNV is probably linked to another variant
which potentially has a noticeable influence on IL6 response in the
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no suspicion to be linked to other infectious diseases so far. Based
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intended in a future prospective study.
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compare all IE patients with regard to all genetic variations, due to
limited patient material. To overcome this limitation, each gene
was analyzed in an individual patient cohort, not influencing the
study results because strong associations were shown indepen-
dently from patient characteristics. Furthermore, the IE patients
show a high heterogeneity regarding infection severities or stages
of antibiotic treatment. Additionally, our cohort merely consists of
patients, which needs a surgically intervention in the course of IE
disease progression. Overall, surgical intervention in course of IE is
required in up to 50% of all IE cases [31]. Although even
uncomplicated IE cases would be certainly interesting, the IE
cohort in this study represents a homologue group of IE patients
with definite IE cases.

In conclusion, the results of our study demonstrate a relation-
ship of host genetics and IE. The IL6 ¢.471+870G>A genotypes
showed a significant association with an increased IE susceptibility.
Additional observations in this study gave hints, that advanced
investigations with extended haplotypes could reveal further
associations. Our study provides several hints towards an altered
inflammation in IE disease progression, which should be analyzed
in further investigations.
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