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Abstract
Background: Toll-like receptor 4 (TLR4), a lipopolysaccharide (LPS) receptor complex signal-transducing molecule,
plays a crucial role in sensing LPS from gram-negative bacteria. TLR4 signaling pathway activation by LPS plays a
major role in sepsis pathogenesis. A single nucleotide polymorphism, rs11536889, in the 3’-untranslated region of
the TLR4 gene is thought to affect TLR4 translation. This study aimed to investigate whether organ failure in sepsis
patients is related to the TLR4 rs11536889 genotype.
Methods: Adult Caucasian patients with sepsis from the intensive care unit of a university medical center were
followed up for 90 days, and organ failure was recorded as the primary outcome variable. Blood samples were
collected at enrollment for TLR4 rs11536889 genotyping. Sepsis-related organ failure assessment (SOFA) scores were
quantified at sepsis onset and throughout the observational period to monitor organ failure.
Results: A total of 210 critically ill patients with sepsis were enrolled into this study. Wild-type GG was compared to
GC/CC. During their stay in the intensive care unit, GG patients presented significantly higher SOFA scores than did
C allele carriers (7.9 ± 4.5 and 6.8 ± 4.2, respectively; p = 0.0005). Analysis of organ-specific SOFA sub-scores revealed
significant differences in three organ systems: renal, coagulation and hepatic (p = 0.0005, p = 0.0245 and p < 0.0001,
respectively). Additionally, the rs11536889 polymorphism was associated with a higher incidence of gram-negative
infections.
Conclusions: These results offer the first evidence that TLR4 rs11536889 is a useful marker of organ failure in
patients with sepsis.
Keywords: Toll-like receptor 4, Single-nucleotide polymorphism (SNP), Intensive care unit, Organ failure marker,
SOFA scores

Background
Sepsis is a major health challenge. Despite improved treatment options, sepsis remains a leading cause of death in
intensive care units [1]. Lipopolysaccharide (LPS), or
endotoxin, the major outer membrane component of
gram-negative bacteria, is a potent inflammatory response
stimulator [2]. In addition, LPS triggers inflammation in
* Correspondence: ashham.mansur@med.uni-goettingen.de
1
Department of Anesthesiology, University Medical Center, Georg August
University, D-37075 Goettingen, Germany
Full list of author information is available at the end of the article

gram-negative sepsis [3]. Excessive amounts of gutderived LPS released during intestinal hypo-perfusion
have also been implicated in sepsis caused by grampositive and fungal infections [4,5]. LPS signaling is initiated by the activation of the myeloid differentiation factor
2 and toll-like receptor 4 (TLR4) complexes on myeloid
cells [2,6]. TLR4 has recently been shown to recognize endogenous danger-type, or ‘alarmin,’ factors, thereby implicating TLR4 as a tissue injury and microbial invasion
sensor [7]. Studies using mouse strains deficient in TLR4
signaling [8,9] or expression [10-13] or those using TLR
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inhibitors in wild-type mice [14,15] confirmed that TLR4
contributes to bacterial clearance and the host inflammatory response in the infection setting [16].
Two missense single nucleotide polymorphisms (SNPs) in
the TLR4 gene, Asp299Gly/Thr399Ile, have been reported
to be associated with endotoxin hypo-responsiveness
to inhaled LPS [17]. This investigation was followed
by a series of studies that explored the potential impact of these SNPs on the incidence and course of infectious diseases [18], such as septic shock with gramnegative bacterial infection [19]. Although some studies
have shown a relevance of the Asp299Gly/Thr399Ile SNPs
in gram-negative infections, others did not confirm
this association [20-22]. Furthermore, recent studies
using primary cells isolated from individuals bearing
these mutations have indicated that the Asp299Gly/
Thr399Ile haplotype has little or no effect on LPS responsiveness [23].
Recently, Sato et al. demonstrated the biological significance of a genetic variation of the TLR4 gene called
rs11536889. Functional analyses revealed that TLR4
rs11536889 contributes to the translational regulation
of TLR4 expression and has some influence on the response to LPS, possibly by binding to microRNAs, which
act in post-transcriptional regulation [24]. A large study
that included prostate cancer patients and age-matched
controls from Sweden revealed an association between
TLR4 rs11536889 and prostate cancer [25]. Later, Hishida
et al. observed that TLR4 rs11536889 genotypes are associated with severe gastric atrophy in helicobacter pylori-seropositive Japanese subjects [26]. Zhou et al. found that the
TLR4 rs11536889 SNP is significantly associated with
hepatitis type B virus recurrence after liver transplantation
[27]. In addition, Miedema et al. found that this SNP is associated with an increased risk of chemotherapy-induced
neutropenia in children with acute lymphoblastic leukemia
[28]. These observations suggest that the rs11536889 genetic variation of the TLR4 gene may influence human inflammatory and/or malignant diseases [24].
This study aimed at exploring whether the putative
regulatory TLR4 rs11536889 genotypes relate to organ
failure severity in critically ill patients with sepsis during
their time in the intensive care unit. The outcomes of
wild-type GG were compared to those of GC/CC.

Methods
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of kin or their legal representatives. The patient exclusion
criteria were as follows: 1. age younger than 18 years; 2.
pregnancy, nursing an infant, or planning to become pregnant or nurse an infant; 3. receiving an immunosuppressive therapy (e.g., cyclosporine or azathioprine) or cancerrelated chemotherapy; 4. a documented or suspected
acute myocardial infarction within the previous six weeks;
5. a history of New York Heart Association functional
class IV chronic heart failure: 6. human immunodeficiency
virus infection or end-stage process (e.g., progressive
multifocal leukoencephalopathy or systemic Mycobacterium avium infection); 7. morbidity and death were considered imminent, the patient was classified as “do not
resuscitate” or “do not treat”, or the patient and/or a legally authorized representative was not committed to aggressive management; 8. the patient was not expected to
survive the observation period of 28 days or was not likely
to be given life support because of a preexisting, uncorrectable medical condition, including a poorly controlled
neoplasm, end-stage lung disease, or home oxygen requirement; 9. the patient was in a chronic vegetative state
or had a similar long-term neurologic condition; 10. participation in any other investigational study (drug or device); 11. the patient was unwilling or unable to be fully
evaluated during the study period; and 12. the patient was
a study-site employee or was an immediate family member of a study-site employee involved in the study. The
study was approved by the University of Goettingen ethics
committee, Goettingen, Germany (15/1/12) and conformed to the Declaration of Helsinki ethical principles
(Seoul, 2008). Written informed consent was obtained either from patients or their legal representatives.
Data collection

The Sequential Organ Failure Assessment (SOFA) [31]
and Acute Physiology and Chronic Health Evaluation
(APACHE) II [32] scores were evaluated at the onset of
sepsis. Organ function was assessed subsequently on
days 2, 3, 5, 7, 14, 21 and 28, and organ failure was
quantified, with the SOFA score as the primary outcome
variable. Patients were followed up for a maximum of
90 days, and their deaths were recorded as a secondary
outcome variable. The necessity of mechanical ventilation, vasopressor administration, or renal-replacement
therapy as well as the ICU duration was recorded as secondary variables.

Patients

Adult Caucasian patients admitted to the University Medical
Center Goettingen (UMG) intensive care units (ICUs)
between April 2012 and May 2013 were screened daily
according to the American College of Chest Physicians/
Society of Critical Care Medicine (ACCP/SCCM) criteria
for sepsis, severe sepsis, or septic shock [29,30]. Caucasian
origin was assessed by questioning the patients, their next

TLR4 rs11536889 genotyping

Peripheral blood monocytes (PBMCs) from approximately 30 ml of heparinized peripheral blood were isolated through Ficoll density gradient centrifugation
according to standard procedures described previously
[33]. Cell preparations were routinely assessed for viability (>95%) by trypan blue dye exclusion.
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Genomic DNA (gDNA) was purified from PBMCs using
the AllPrep DNA Mini Kit (Qiagen, Hilden, Germany) according to the manufacturer’s protocol. The isolated nucleic acid concentration and purity were determined by
260 and 280 nm optical density readings. DNA integrity
was evaluated through 0.6% agarose gel electrophoresis.
Genotyping was performed using 4 ng of PBMC-derived
gDNA in a commercially available genotyping assay (Assay
ID C_31784034_10, Applied Biosystems, Darmstadt,
Germany) in a total volume of 10 μl. The reactions were
performed in a StepOnePlus sequence detection system
(Applied Biosystems, Darmstadt, Germany) according
to the supplier’s instructions.
Statistical analyses

The Hardy-Weinberg equilibrium exact test for deviation
was performed using an online calculator, which was
provided by the Institute of Human Genetics, Helmholtz
Center Munich, Germany (http://ihg.gsf.de/cgi-bin/hw/
hwa1.pl). Statistical analyses were performed with the
Statistica (StatSoft, Tulsa, Oklahoma, USA, version 10) or R
(The R Foundation for Statistical Computing, version 3.0.0)
software. Significance, based on contingency tables, was
calculated using two-sided Fisher’s exact or chi-square tests,
as appropriate. Two continuous variables were compared
using the Mann-Whitney test. To estimate the significance
of the clinical observations over the 28-day period, we fitted
a linear regression model with the parameters day, genotype, and genotype-day interaction. The results were visualized by calculating the means and 95% confidence intervals
(CIs) from normal distributions at each time point. Timeto-event data were compared using the log-rank test from
the Statistica package survival. A p-value less than 0.05 was
considered significant.

Results
Study population

A total of 212 adult Caucasian patients with sepsis were
enrolled into this study. Two patients were excluded; one
patient fulfilled an exclusion criterion, as a B cell lymphoma diagnosis became known, and the other patient was
excluded because informed consent was withdrawn by his
legally authorized representative. Subsequently, the study
population comprised 210 patients, in which 134 were
male (64%), and 76 were female (36%; Table 1). The patient ages ranged from 19 to 91 (median, 65). The sepsis
subtypes were sepsis/severe sepsis (n = 100) and septic
shock (n = 110). At baseline, the patient disease severity
SOFA and APACHE II scores were 8.6 ± 4.1 and 21.3 ±
7.4, respectively (Table 1). The comorbidities comprised
hypertension, myocardial infarction history, chronic obstructive pulmonary disease (COPD), renal dysfunction,
diabetes mellitus, chronic liver diseases, cancer history,
and stroke history (Table 1).
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Disease severity at sepsis onset

TLR4 rs11536889 was successfully genotyped in all subjects. The genotype distribution was 146:62:2 (GG:GC:
CC), which was consistent with the Hardy-Weinberg
equilibrium (p = 0.12). The resulting 0.16 minor allele
frequency was similar to that given for Caucasians in
public databases. The rs11536889 GC and CC genotypes
were pooled together because the size of the CC genotype group was too small (n = 2). Subsequently, patients
of genotype GG were compared to that of CG/CC.
There was no difference regarding age, gender, or body
mass index related to the TLR4 rs11536889 genotype. A
comparison between the G homozygous patients and C
allele carriers revealed no significant difference between
the proportion of patients with sepsis/severe sepsis and
septic shock at baseline (day 1 of sepsis; p = 0.4576). Furthermore, there were no SOFA and APACHE II score
differences regarding the TLR4 rs11536889 genotypes at
sepsis onset, and there were no significant preexisting
conditions differences between the TLR4 rs11536889 genotypes (Table 1). Moreover, the recent surgical histories
and primary infection sites showed no significant difference with respect to the genotype distribution (Table 1).
Disease progression and mortality

Disease progression was monitored by SOFA score
changes during the patient ICU stays. The scores and the
need for organ support were recorded on days 1, 2, 3, 5, 7,
14, 21, and 28. Although no differences in disease scores
were observed at sepsis onset, the TLR4 rs11536889 GG
patients experienced significantly higher SOFA scores over
time (p = 0.0005) compared with the C allele carriers
(Table 2). The three organ-specific SOFA scores were significantly different between the two groups; the GG patients presented higher SOFA-renal scores (p = 0.0005),
SOFA-coagulation scores (p = 0.0245), and SOFA-hepatic
scores (p < 0.0001; Table 2, Figure 1). An overall linear
model was fitted to the values, which included the various
time points. This model also revealed a significant genotype effect; the GG patients presented higher SOFA scores
than did the GC/CC subjects (p = 0.015; Figure 2). The
mean SOFA scores of the two CC patients were 11.6 ± 3.5
(mean ± SD). Among all SOFA scores, the minimum and
maximum were 0 and 23, respectively.
The 28-day and 90-day mortality analyses yielded
no significant result between the groups (p = 1.0000
and p = 0.8698, respectively; Table 2 (Additional file 1:
Figure S1)). Both at the beginning and over the observational period, there was no significant difference between
the GG patients and C allele carriers regarding organ support requirement (mechanical ventilation, vasopressor
use, and renal replacement therapy; Tables 1 and 2). The
mean ICU stay duration of the GG survivors did not differ
significantly from that of the GC/CC survivors (Table 2).
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Table 1 Patient baseline characteristics with regard to the TLR4 rs11536889 genotypes
Age [years]

All n = 210

GG n = 146

GC/CC n = 64

p value

63 ± 15

63 ± 16

63 ± 15

0.9116

Male, %

64%

46%

58%

0.2752

Body-mass index, mean ± SD

28 ± 9

28 ± 7

30 ± 13

0.1507

Severity of sepsis

48%

46%

52%

0.4576

Sepsis/severe sepsis, %

52%

54%

48%

SOFA score, mean ± SD

8.6 ± 4.1

8.9 ± 4.3

8.0 ± 3.7

0.2449

APACHE II score, mean ± SD

21.3 ± 7.4

21.6 ± 7.4

20.6 ± 7.6

0.4053

Hypertension

58

59

1.0000

History of myocardial infarction

5

6

0.7586

COPD

18

17

1.0000

Renal dysfunction

11

20

0.0834

Septic shock, %

Comorbidities, %

Diabetes mellitus (NIDDM)

11

8

0.6202

Diabetes mellitus (IDDM)

11

5

0.1938

Chronic liver diseases

7

9

0.7839

History of cancer

18

19

0.8481

History of stroke

6

8

Recent surgical history, %

0.7647
0.0631

Elective surgery

28

31

19

Emergency surgery

44

44

44

No history of surgery

28

24

37

Site of infection, %

0.1516

Lung

50

46

56

Abdomen

30

31

28

Bone or soft tissue

7

7

6

Surgical wound

2

3

0

Urogenital

1

0

3

Primary bacteremia

6

7

3

Other

4

5

3

Mechanical ventilation

83

83

83

0.8933

Use of vasopressor

52

54

48

0.4576

Renal-replacement therapy

10

11

9

0.7300

Organ support, %

The data are presented as the mean ± SD or percentages.

Additionally, there was a significantly higher gramnegative infection incidence rate among the C allele carriers (81%) compared with that in the GG patients (62%;
p = 0.0062) (Table 3).

Discussion
The present study addressed the question of whether the
putative regulatory TLR4 rs11536889 genotypes are related to organ failure in critically ill patients with sepsis.

The primary endpoint, organ failure, was quantified
using SOFA scores as a specific clinical marker in patients with sepsis and was significantly higher in TLR4
rs11536889 GG patients compared with those of TLR4
rs11536889 GC and CC patients (Table 2).
The TLR4 rs11536889 genotype distribution among
the septic patients was similar to database entries regarding healthy Caucasians and also followed the HardyWeinberg equilibrium. The TLR4 rs11536889 genotypes,
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Table 2 Disease progression with regard to the TLR4 rs11536889 genotypes
All n = 210

GG n = 146

GC/CC n = 64

p value

SOFA

7.6 ± 4.5

7.9 ± 4.5

6.8 ± 4.2

0.0005

SOFA-Respiratory score

2.1 ± 1.1

2.1 ± 1.1

2.0 ± 1.1

0.1950

SOFA-Cardiovascular score

1.6 ± 1.5

1.7 ± 1.5

1.4 ± 1.4

0.1296

SOFA-Central nervous system score

2.0 ± 1.5

2.1 ± 1.5

1.9 ± 1.4

0.0802

SOFA-Renal score

0.9 ± 1.4

1.0 ± 1.4

0.7 ± 1.2

0.0005

SOFA-Coagulation score

0.3 ± 0.8

0.4 ± 0.8

0.3 ± 0.7

0.0245

SOFA-Hepatic score

0.3 ± 0.7

0.4 ± 0.8

0.2 ± 0.5

<0.0001

18

18

17

1.0000

Mortality analysis, %:
Death at day 28
Death at day 90

30

30

28

0.8698

Length of stay in ICU (days)

18 ± 16

18 ± 17

20 ± 14

0.0720

Mechanical ventilation

75

74

0.6286

Use of vasopressor

38

37

0.8426

Renal replacement therapy

14

9

0.4486

Organ support*, %

The data are presented as the mean ± SD or percentages.
*
Based on the total number of observations in follow-up days.

however, were not associated with any of the recorded
baseline characteristics. As assessed by scoring the sepsis
type (sepsis and severe sepsis vs. septic shock) and SOFA
and APACHE II scores, we found that the TLR4
rs11536889 genotypes were also not related to the septic
disease severity at sepsis onset (Table 1). We believe that
the SOFA scores at sepsis onset did not differ between
the GG versus GC and CC genotypes because of the
phenotypic heterogeneity of the sepsis syndrome. This
heterogeneity is influenced by many factors, including
the pathogenic organism responsible for the infection,
its location, and the amount of time passed since the onset of infection, as well as other individual parameters.
To detect genotypic differences, a longitudinal observation involving SOFA scores quantified over the study
period is much more promising (Table 2).
As shown by Sato et al., monocytes from TLR4 rs11536889
CC subjects expressed significantly higher levels of TLR4
compared with those from TLR4 rs11536889 GG and GC
subjects. When PBMCs were stimulated with LPS, a TLR4
ligand, the cells from the TLR4 rs11536889 CC and GC
subjects secreted significantly higher levels of the proinflammatory cytokine IL-8 compared to cells from the GG
subjects [24]. Accordingly, these previous investigations
support the assumption that TLR4 rs11536889 GG sepsis
patients present severe organ dysfunction (as measured
using SOFA scores) because of attenuated TLR4 proinflammatory signaling in response to LPS compared to C
allele carriers.
These significant results, with respect to organ dysfunction, reveal severe morbidity among TLR4 rs11536889 GG

patients (according to SOFA scores) and together with the
fact that GG patients are assumed to present attenuated
TLR4 expression [24], offer an explanation why synthetic
TLR4 antagonists have failed to produce a clinical benefit
in patients with severe sepsis [14,15]. These agents may
alter the inflammatory response via TLR4 to pathogens,
thereby contributing to organ dysfunction in these patients.
The SOFA-renal score was higher in TLR4 rs11536889
GG patients, indicating severe renal dysfunction in this
group. Because TLR4 rs11536889 GG patients may exhibit decreased TLR4 expression, our results are consistent with former observations indicating that decreased
TLR4 expression in chronic kidney disease patients was
associated with attenuated proinflammatory cytokine
synthesis during infection [34]. The observed severe
hepatic dysfunction measured using the SOFA-hepatic
score among TLR4 rs11536889 GG subjects, indicating
severe hyperbilirubinemia in this group, is in agreement
with recent findings reported by Deng et al. [16] that
TLR4 signaling is essential for LPS clearance by hepatocytes during sepsis. The absence of an association
between the rs11536889 genotypes and the SOFA respiratory score may be attributed to the fact that the
SOFA respiratory score is somewhat weak because it
only refers to the oxygenation index. This score depends
on several factors, such as ventilator settings during
mechanical ventilation and different ventilator settings
that result in different oxygenation indices, which lead
to score variation. We believe that there was no significant difference in the SOFA-CNS score between the genotypes mainly because sepsis patients are treated with
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Figure 1 SOFA sub-scores by genotype on each day during the follow-up period. The means are indicated by horizontal bars. The boxes
are limited by the 25th and 75th percentile. The whiskers represent the minimum and maximum. The differences were not significant except
where indicated by*.

Figure 2 SOFA score by genotype during the follow-up period. The means and 95% normal CIs plus regression lines are displayed. The box
displays the coefficients and P values from a linear regression model that models the SOFA scores as a function of the follow-up day
and genotype.
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Table 3 Infection types over the observational period
GG n = 146

GC/CC n = 64

p value

Infection type
Gram-negative

62%

81%

0.0062

Gram-positive

83%

83%

1.0000

Fungal

52%

58%

0.4565

Viral

18%

17%

1.0000

Parasitic

0%

0%

Other

1%

3%

Conclusions
This study assesses the validity of the assumption that a
well-known regulatory TLR4 polymorphism influences
the outcome of sepsis among adults. An analysis of
organ-specific SOFA sub-scores revealed significant differences in three organ systems: renal, coagulation and
hepatic. These results offer the first evidence that TLR4
rs11536889 is a useful marker of organ failure in patients
with sepsis. This polymorphism should be assessed for
its organ failure relevance in sepsis in larger, independent cohorts.
Additional file

sedating medication, which impacts the CNS and thus
affects the SOFA-CNS score. The SOFA-Cardiovascular
score most likely did not differ between GG patients and
C allele carriers because this score is only based on the
catecholamine therapy needed, which depends on volumetric status and cardiac function.
Analysis of the 28-day and 90-day mortality revealed no
significant differences among the TLR4 rs11536889 genotypes. The severe organ failure observed in G homozygous
patients may not have contributed to higher mortality
rates because the patients received sufficient intensive care
treatment, which allowed their organ failures to be managed appropriately. The patients were treated according to
current guidelines for the treatment of sepsis (Surviving
Sepsis Campaign) [35].
Additionally, there was a significantly higher gramnegative infection rate among the C allele carriers
(81%) compared with the rate observed in the GG patients (62%; p = 0.0062) (Table 3). This result is in
agreement with previous observations linking this polymorphism with an increased susceptibility to infection
[24,26,27]. This observation of higher susceptibility of
C allele carriers to gram-negative infections should be
thoroughly examined in future studies to detect any
causality between the SNP and susceptibility to gramnegative infections.
A possible limitation of this study is the possibility
that the studied TLR4 rs11536889 SNP associated with
organ failure in patients with sepsis is in linkage disequilibrium with SNPs in another nearby gene and that
these latter genes are responsible for the observed
phenotypic effects.
To the best of our knowledge, this is the first investigation evaluating this putative regulatory polymorphism
in this key innate immune receptor in adult Caucasian
sepsis patients, showing a significant association between
the TLR4 rs11536889 GG genotype and the severity of
organ failure (renal, coagulation and hepatic). According
to these results, it would be worthwhile to further assess
the TLR4 rs11536889 polymorphism for its relevance to
sepsis in larger and independent cohorts.

Additional file 1: Kaplan-Meier survival analysis. The Kaplan-Meier
curve shows the survival curves censored at day 90 for the TLR4 rs11536889
GG and GC/CC genotypes. A mortality risk among the patients under study
did not differ between the two groups.
Abbreviations
APACHE: Acute physiology and chronic health evaluation; CNS: Central
nervous system; COPD: Chronic obstructive pulmonary disease; ICU: Intensive
care unit; LPS: Lipopolysaccharide; PBMCs: Peripheral blood monocytes;
SOFA: Sepsis-related organ failure assessment; TLR4: Toll-like receptor 4.
Competing interests
The authors declare no competing interests.
Authors’ contributions
All authors have contributed to the study design, the acquisition of data
(clinical and experimental), or the analysis and interpretation of data.
Specifically, LVG and MS primarily performed sample and clinical data
collection and TLR4 laboratory analyses. MS, AP, IB, DR, MG and MB
participated in study design and supervised patient enrollment and clinical
data monitoring. TB contributed to the study design and conception,
performed the bioinformatics and performed and approved statistical
analyses. AM and JH designed the study, supervised sample and data
collection, performed analyses and drafted the manuscript. All authors were
involved either in manuscript drafting or its revision. All authors have
approved the final version of the manuscript.
Acknowledgments
The authors thank the staff of the ICUs of the Department of Anesthesiology
and the Department of General and Visceral Surgery, all of whom were
involved in patient care and control. The authors also thank Benjamin Liese,
Simon Wilmers, Yvonne Klee, Chang Ho Hong and Sebastian Gerber for their
continuous and devoted help with performing analyses and collecting data.
Author details
1
Department of Anesthesiology, University Medical Center, Georg August
University, D-37075 Goettingen, Germany. 2Department of Cardiothoracic
Transplantation & Mechanical Support, Royal Brompton and Harefield
Hospital, Harefield, Hill End Road, UB9 6JH London, UK. 3Department of
General and Visceral Surgery, University Medical Center, Georg August
University, D-37075 Goettingen, Germany. 4Department of Medical Statistics,
University Medical Center, Georg August University, D-37075 Goettingen,
Germany.
Received: 17 April 2014 Accepted: 18 June 2014
Published: 21 June 2014
References
1. Angus DC: The lingering consequences of sepsis: a hidden public health
disaster? JAMA 2010, 304:1833–1834.
2. Beutler BA: TLRs and innate immunity. Blood 2009, 113:1399–1407.
3. Cohen J: The immunopathogenesis of sepsis. Nature 2002, 420:885–891.

Mansur et al. Journal of Translational Medicine 2014, 12:177
http://www.translational-medicine.com/content/12/1/177

4.

5.

6.

7.

8.

9.

10.

11.

12.

13.

14.

15.
16.

17.

18.
19.

20.

21.

22.

23.

Opal SM, Scannon PJ, Vincent JL, White M, Carroll SF, Palardy JE, Parejo NA,
Pribble JP, Lemke JH: Relationship between plasma levels of
lipopolysaccharide (LPS) and LPS-binding protein in patients with severe
sepsis and septic shock. J Infect Dis 1999, 180:1584–1589.
Marshall JC, Foster D, Vincent JL, Cook DJ, Cohen J, Dellinger RP, Opal S,
Abraham E, Brett SJ, Smith T, Mehta S, Derzko A, Romaschin A: Diagnostic
and prognostic implications of endotoxemia in critical illness: results of
the MEDIC study. J Infect Dis 2004, 190:527–534.
Shimazu R, Akashi S, Ogata H, Nagai Y, Fukudome K, Miyake K, Kimoto M:
MD-2, a molecule that confers lipopolysaccharide responsiveness on
Toll-like receptor 4. J Exp Med 1999, 189:1777–1782.
Mollen KP, Anand RJ, Tsung A, Prince JM, Levy RM, Billiar TR: Emerging
paradigm: toll-like receptor 4-sentinel for the detection of tissue
damage. Shock 2006, 26:430–437.
Cai S, Batra S, Shen L, Wakamatsu N, Jeyaseelan S: Both TRIF- and
MyD88-dependent signaling contribute to host defense against
pulmonary Klebsiella infection. J Immunol 2009, 183:6629–6638.
Wiersinga WJ, Wieland CW, Roelofs JJ, van der Poll T: MyD88 dependent
signaling contributes to protective host defense against Burkholderia
pseudomallei. PLoS One 2008, 3:e3494.
Fukata M, Michelsen KS, Eri R, Thomas LS, Hu B, Lukasek K, Nast CC, Lechago J,
Xu R, Naiki Y, Soliman A, Arditi M, Abreu M: Toll-like receptor-4 is required for
intestinal response to epithelial injury and limiting bacterial translocation in
a murine model of acute colitis. Am J Physiol Gastrointest Liver Physiol 2005,
288:G1055–1065.
Hassan F, Ren D, Zhang W, Merkel TJ, Gu XX: Moraxella catarrhalis
activates murine macrophages through multiple toll like receptors and
has reduced clearance in lungs from TLR4 mutant mice. PLoS One 2012,
7:e37610.
Anand RJ, Kohler JW, Cavallo JA, Li J, Dubowski T, Hackam DJ: Toll-like
receptor 4 plays a role in macrophage phagocytosis during peritoneal
sepsis. J Pediatr Surg 2007, 42:927–932. discussion 933.
Wolfe DN, Buboltz AM, Harvill ET: Inefficient Toll-like receptor-4 stimulation
enables Bordetella parapertussis to avoid host immunity. PLoS One 2009,
4:e4280.
Opal SM, Laterre PF, Francois B, LaRosa SP, Angus DC, Mira JP, Wittebole X,
Dugernier T, Perrotin D, Tidswell M, Jauregui L, Krell K, Pachl J, Takahashi T,
Peckelsen C, Cordasco E, Chang CS, Oeyen S, Aikawa N, Maruyama T, Schein
R, Kalil AC, Van Nuffelen M, Lynn M, Rossignol DP, Gogate J, Roberts MB,
Wheeler JL, Vincent JL: Effect of eritoran, an antagonist of MD2-TLR4, on
mortality in patients with severe sepsis: the ACCESS randomized trial.
JAMA 2013, 309:1154–1162.
Tidswell M, LaRosa SP: Toll-like receptor-4 antagonist eritoran tetrasodium
for severe sepsis. Expert Rev Anti Infect Ther 2011, 9:507–520.
Deng M, Scott MJ, Loughran P, Gibson G, Sodhi C, Watkins S, Hackam D,
Billiar TR: Lipopolysaccharide clearance, bacterial clearance, and systemic
inflammatory responses are regulated by cell type-specific functions of
TLR4 during sepsis. J Immunol 2013, 190:5152–5160.
Arbour NC, Lorenz E, Schutte BC, Zabner J, Kline JN, Jones M, Frees K, Watt JL,
Schwartz DA: TLR4 mutations are associated with endotoxin
hyporesponsiveness in humans. Nat Genet 2000, 25:187–191.
Cook DN, Pisetsky DS, Schwartz DA: Toll-like receptors in the pathogenesis
of human disease. Nat Immunol 2004, 5:975–979.
Lorenz E, Mira JP, Frees KL, Schwartz DA: Relevance of mutations in the
TLR4 receptor in patients with gram-negative septic shock. Arch Intern
Med 2002, 162:1028–1032.
Feterowski C, Emmanuilidis K, Miethke T, Gerauer K, Rump M, Ulm K,
Holzmann B, Weighardt H: Effects of functional Toll-like receptor-4
mutations on the immune response to human and experimental sepsis.
Immunology 2003, 109:426–431.
Jessen KM, Lindboe SB, Petersen AL, Eugen-Olsen J, Benfield T: Common
TNF-alpha, IL-1 beta, PAI-1, uPA, CD14 and TLR4 polymorphisms are not
associated with disease severity or outcome from Gram negative sepsis.
BMC Infect Dis 2007, 7:108.
Agnese DM, Calvano JE, Hahm SJ, Coyle SM, Corbett SA, Calvano SE, Lowry
SF: Human toll-like receptor 4 mutations but not CD14 polymorphisms
are associated with an increased risk of gram-negative infections. J Infect
Dis 2002, 186:1522–1525.
Ferwerda B, McCall MB, Verheijen K, Kullberg BJ, van der Ven AJ, Van der
Meer JW, Netea MG: Functional consequences of toll-like receptor 4
polymorphisms. Mol Med 2008, 14:346–352.

Page 8 of 8

24. Sato K, Yoshimura A, Kaneko T, Ukai T, Ozaki Y, Nakamura H, Li X,
Matsumura H, Hara Y, Ogata Y: A single nucleotide polymorphism in
3’-untranslated region contributes to the regulation of Toll-like receptor
4 translation. J Biol Chem 2012, 287:25163–25172.
25. Zheng SL, Augustsson-Balter K, Chang B, Hedelin M, Li L, Adami HO, Bensen
J, Li G, Johnasson JE, Turner AR, Adams TS, Meyers DA, Isaacs WB, Xu J,
Gronberg H: Sequence variants of toll-like receptor 4 are associated with
prostate cancer risk: results from the CAncer Prostate in Sweden Study.
Cancer Res 2004, 64:2918–2922.
26. Hishida A, Matsuo K, Goto Y, Mitsuda Y, Hiraki A, Naito M, Wakai K, Tajima K,
Hamajima N: Toll-like receptor 4 + 3725 G/C polymorphism, Helicobacter
pylori seropositivity, and the risk of gastric atrophy and gastric cancer in
Japanese. Helicobacter 2009, 14:47–53.
27. Zhou L, Wei B, Xing C, Xie H, Yu X, Wu L, Zheng S: Polymorphism in
3’-untranslated region of toll-like receptor 4 gene is associated with
protection from hepatitis B virus recurrence after liver transplantation.
Transpl Infect Dis 2011, 13:250–258.
28. Miedema KG, te Poele EM, Tissing WJ, Postma DS, Koppelman GH, de
Pagter AP, Kamps WA, Alizadeh BZ, Boezen HM, de Bont ES: Association of
polymorphisms in the TLR4 gene with the risk of developing
neutropenia in children with leukemia. Leukemia 2011, 25:995–1000.
29. Bone RC, Balk RA, Cerra FB, Dellinger RP, Fein AM, Knaus WA, Schein RM,
Sibbald WJ, Committee ASCC: Definitions for sepsis and organ failure and
guidelines for the use of innovative therapies in sepsis. The ACCP/SCCM
Consensus Conference Committee. American College of Chest
Physicians/Society of Critical Care Medicine. 1992. Chest 2009, 136:e28.
30. Levy MM, Fink MP, Marshall JC, Abraham E, Angus D, Cook D, Cohen J, Opal
SM, Vincent JL, Ramsay G, Sccm/Esicm/Accp/Ats/Sis,: SCCM/ESICM/ACCP/
ATS/SIS International Sepsis Definitions Conference. Crit Care Med 2001,
2003(31):1250–1256.
31. Vincent JL, de Mendonca A, Cantraine F, Moreno R, Takala J, Suter PM,
Sprung CL, Colardyn F, Blecher S: Use of the SOFA score to assess the
incidence of organ dysfunction/failure in intensive care units: results of a
multicenter, prospective study. Working group on “sepsis-related
problems” of the European Society of Intensive Care Medicine. Crit Care
Med 1998, 26:1793–1800.
32. Knaus WA, Draper EA, Wagner DP, Zimmerman JE: APACHE II: a severity of
disease classification system. Crit Care Med 1985, 13:818–829.
33. Mertens J, Ramadori G, Mihm S: Functional relevance of the IRF-1 promoter
polymorphism rs2549009 on transcriptional activity in a native genomic
environment. Hum Mol Genet 2010, 19:4587–4594.
34. Ando M, Shibuya A, Tsuchiya K, Akiba T, Nitta K: Reduced expression of
Toll-like receptor 4 contributes to impaired cytokine response of
monocytes in uremic patients. Kidney Int 2006, 70:358–362.
35. Dellinger RP, Levy MM, Rhodes A, Annane D, Gerlach H, Opal SM, Sevransky JE,
Sprung CL, Douglas IS, Jaeschke R, Osborn TM, Nunnally ME, Townsend SR,
Reinhart K, Kleinpell RM, Angus DC, Deutschman CS, Machado FR, Rubenfeld
GD, Webb SA, Beale RJ, Vincent JL, Moreno R: Surviving sepsis campaign:
international guidelines for management of severe sepsis and septic
shock: 2012. Crit Care Med 2013, 41:580–637.
doi:10.1186/1479-5876-12-177
Cite this article as: Mansur et al.: The regulatory toll-like receptor 4
genetic polymorphism rs11536889 is associated with renal, coagulation
and hepatic organ failure in sepsis patients. Journal of Translational Medicine
2014 12:177.

