
203

J U N E  2 0 0 7 ,  V o l .  6 5 ,  N o .  6

© 2007 Van Zuiden Communications B.V. All rights reserved.

o r i G i N A l  A r T i C l E

The Asp299Gly Toll-like receptor 4 
polymorphism in advanced aortic atherosclerosis

M.J. Hommels1*, A.A. Kroon1, M.G. Netea2, P.W. de Leeuw1, C.A. Bruggeman3, T. Leiner4, D.A. Koster4, 
A.F.H. Stalenhoef2, A.J.A.M. van der Ven2

Departments of 1Internal Medicine, 3Medical Microbiology and 4Radiology, Cardiovascular Research 
Institute Maastricht (CARIM) and Maastricht University Hospital, Maastricht, the Netherlands, 

2Department of Internal Medicine, Radboud University Nijmegen Medical Centre, Nijmegen,  
the Netherlands, *corresponding author: e-mail: M.Hommels@INTMED.unimaas.nl

A b s T r A C T

background: recently, the common Asp299Gly 
polymorphism of the Toll-like receptor 4 (Tlr-4) was 
found to be associated with a reduced incidence of acute 
myocardial infarction and carotid atherosclerosis. As 
Tlr-4 signalling is causally involved in atherogenesis, the 
polymorphism was postulated to impart protection from 
atherosclerosis. To explore a potential atheroprotective 
effect, we studied the association between the Asp299Gly 
polymorphism and atherosclerosis in hypertensive patients 
undergoing angiography for suspected renovascular 
disease.
Methods: 140 hypertensive subjects underwent intra-
arterial digital subtraction angiography, during which the 
presence of atherosclerotic lesions was assessed at the level 
of the abdominal aorta and renal arteries. Extensiveness of 
disease was classified as follows: atherosclerosis confined 
to the abdominal aorta, unilateral renal artery stenosis or 
bilateral renal artery stenosis. subsequently, genotyping for 
the +896 A>G (Asp299Gly) single nucleotide polymorphism 
was performed in all patients. in statistical analyses 17 
patients were excluded because of incomplete data (n=3) or 
a diagnosis of fibromuscular disease (n=14).
results: 21 patients were found heterozygous for the 
299Gly allele, whereas none of the subjects were 299Gly 
homozygous (299Gly allele frequency 7.8%). The prevalence 
of the 299Gly allele in atherosclerotic patients was not 
different from the prevalence observed in subjects 
without atherosclerotic lesions (16.9 vs 15.5%, p=0.83).  
Moreover, 299Gly carriership was not associated with 
the extensiveness of (advanced) aortic atherosclerosis 
(p=0.64). 
Conclusion: our results suggest that the Asp299Gly Tlr-4 
receptor polymorphism is not associated with the prevalence 
nor extensiveness of (advanced) aortic atherosclerosis. 
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i N T r o d U C T i o N

Mounting evidence suggests that specific (infectious) agents 
enhance arterial inflammation during atherogenesis, based 
on their interaction with receptor signalling pathways 
of the innate immune system.1,2 Consequently, Toll-like 
receptor 4 (TLR-4) induced signalling has been described 
in chronic low-grade arterial inflammation.3 
TLR-4 is well known as a pattern-recognition receptor 
for exogenous lipopolysaccharide (LPS) derived from 
gram-negative bacterial infection.4,5 Although several 
other ligands such as fibrinogen,6 fibronectin,7 heat-shock 
protein,8 hyaluronan oligosaccharide9 and minimally 
modified low-density lipoproteins (LDL)10,11 have also been 
described, the exact nature of TLR-4 engaged signalling in 
atherosclerosis remains elusive. 
Although rather speculative, several authors12,13 have 
postulated that the advantages of a prominent TLR-
4 mediated inflammatory response and subsequent 
containment of pathogens are outweighed by the 
unremitted receptor response to endogenously derived 
epitopes (e.g. oxidised LDL) during atherogenesis. Thus, 
an attenuated TLR-4 response might confer a potential 
advantage, as progression of atherosclerosis will decline.
In this context, recent clinical research has described 
a common Asp299Gly TLR-4 receptor polymorphism 
associated with a blunted receptor activity and a 
subsequently diminished inflammatory response.2,5,14 
According to an Asp299Gly based attenuated receptor 
signalling and a subsequently hypothesised reduced 
atherogenesis, ultrasound analysis of carotid arteries in the 
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Bruneck study14 showed that the Asp299Gly polymorphism 
was found less frequently in patients with progressive 
carotid lesions, when compared with a control group. 
Although a potential Asp299Gly mediated protective 
cardiovascular effect has since been studied extensively, 
clinical research has focused on acute coronary events,12,15-22 
while data regarding Asp299Gly prevalence in peripheral 
atherosclerosis have remained remarkably scarce.14,23-25 
(See figure 1 for an overview of published case-control 
studies). 
Yet critical appraisal of clinical reports merely demonstrates 
a consistent trend towards a reduced frequency of the 
Asp299Gly TLR-4 polymorphism in patients with acute 
myocardial infarction,15,18,20 whereas progression of coronary 
stenosis was found unaffected by genetic TLR-4 variants.12,21 
Moreover, a protective effect based on 299Gly carriership in 
early atherosclerosis remained inconclusive.14,23,24 
Therefore, the present study was conducted to explore 
the association between the Asp299Gly polymorphism 
and atherosclerosis in hypertensive patients undergoing 
angiography for suspected renovascular disease. Since 
renovascular disease is generally considered to be advanced 
systemic atherosclerosis,26 we hypothesised a higher 
frequency of the Asp299Gly TLR-4 polymorphism in patients 
without angiographically demonstrated atherosclerotic 
lesions in the abdominal aorta and/or renal artery.

M A T E r i A l s  A N d  M E T H o d s

subjects
All 140 hypertensive patients included in the present study 
underwent angiography when one or more of following 
criteria were present: treatment-resistant hypertension 
(elevated blood pressure despite ≥3 adequately dosed 
antihypertensive drugs), >20% increase in serum 
creatinine concentrations induced by an angiotensin-
converting enzyme inhibitor, smoking and diastolic 
blood pressure >110 mmHg, malignant or accelerated 
hypertension, extra-renal atherosclerosis in ≥2 different 
vascular beds.27-29 
Other causes of secondary hypertension were excluded 
biochemically before patients underwent angiography of 
the renal arteries. Written informed consent was obtained 
from all patients and the Medical Ethical Committee 
of Maastricht University Hospital approved the study 
protocol.

Angiography
The angiographic procedure was carried out in the angiosuite 
of the Department of Radiology in Maastricht University 
Hospital. Intra-arterial digital subtraction angiography 
(DSA) was performed with a commercially available digital 
subtraction system (Integris 5000; Philips Medical Systems; 

figure 1. Relative risk of acute coronary events (A) and extracoronary atherosclerosis (B) (crude odds ratio and 
95% confidence interval) in carriers of the 299Gly TLR-4 variant allele
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Best, the Netherlands). Angiographic images of the abdominal 
aorta and renal arteries were obtained in anteroposterior, 
and left and right oblique views with injection of 30 ml 
iohexol (Omnipaque 300; Nycomed, Oslo, Norway) through 
a 4-F Universal Flush catheter (Cordis Europe, Roden, the 
Netherlands) positioned at the level of the renal arteries. 

radiological evaluation
DSA images were reviewed by two independent radiologists 
for the presence or absence of atherosclerotic lesions in 
both renal arteries and the abdominal aorta (celiac truncus 
up to iliac bifurcation). Subsequently, extensiveness of 
atherosclerosis was scored as either lesions confined to 
the abdominal aorta, unilateral renal artery stenosis or 
bilateral renal artery stenosis. Final results were based on 
consensus. Patients in whom fibromuscular dysplasia had 
been diagnosed were excluded from analysis.

laboratory measurements
Blood samples were drawn after an overnight fast. 
Plasma cholesterol and glucose were determined using 
standard methods with commercially available kits. 
Serum creatinine was measured on the Beckman Coulter 
Synchron LX-20 system (Beckman Coulter, Inc Fullenton, 
CA, USA). Creatinine clearance was calculated using the 
Cockcroft and Gault formula.30 
Moreover, peripheral blood cells were obtained by standard 
procedures involving ultracentrifugion and the cell fraction 
obtained was stored on a phosphate buffered saline or a 
nucleic acid sequence-based amplification buffer (QIagen, 
CA, USA) at - 80°C until analysis. 

dNA isolation and polymerase chain reaction
DNA isolation from peripheral blood cells was performed 
using the WIZARD method (Promega, CA, USA), 
according to the manufacturer’s instructions. Amplification 
was performed in 40 cycles, starting at 94°C for four 
minutes, followed by 40 cycles of denaturation at 94°C for 
30 seconds, annealing at 50°C (30 seconds) and extension 
at 72°C (30 seconds). The polymerase chain reaction (PCR) 
was performed in a reaction mixture containing 2 µl MgCl2, 

1 µl dNTPs, 0.25 µl Taq, 1 µl forward primer and 1 µl reverse 
primer (New England Biolabs, MA, USA). 
PCR fragments were digested using the NCO1 enzyme 
(New England Biolabs, MA, USA) and the digested 
products were tested on a 2.5% agarose gel stained with 
ethiumbromide. Restriction fragments were visualised 
using the Bio-Rad Multi-Analyst ™/PC version 1.1 (BioRad, 
CA, USA). Two researchers independently scored the 
genotype in a blinded fashion. 

statistical analysis
All data are represented either as mean and standard 
deviation, or median and ranges in case of nonparametric 

distribution. In case of normally distributed data, differences 
were assessed using a two-sided t-test and Mann-Whitney 
testing was applied in case of deviation. Dichotomous data 
were compared using x2 statistics. The Hardy-Weinberg 
equilibrium was tested using standard methods.31

To assess the association between TLR-4 genotype and 
advanced atherosclerosis, subjects were stratified based on 
the presence/absence of angiographically demonstrated 
lesions in either aorta or renal arteries. Subsequently, a 
distinction was made based on the presence of unilateral 
or bilateral renal artery stenosis (extensiveness of 
atherosclerosis). To explore potential interactions between 
Asp299Gly genotype and atherosclerosis logistic regression 
analysis was adapted. 
A two-sided p value <0.05 was considered statistically 
significant. Analyses were performed with SPSS software 
(SSPS version 11.0, IL, USA). 

r E s U l T s

Among 140 hypertensive subjects genotyped, 21 patients 
were heterozygous for the Asp299Gly TLR-4 allele. None of 
the subjects were 299Gly homozygous. Subsequently, an 
overall Asp299Gly allele frequency of 7.8% was calculated. 
Allele frequencies did not deviate from the Hardy-Weinberg 
expectations (p=0.64). 
To determine whether the presence of the Asp299Gly 
polymorphism decreased susceptibility to and extensiveness 
of atherosclerotic disease, subsequent statistical analyses 
were based on 123 patients. Seventeen patients were 
excluded from analysis because of missing data (n=3) or 
a diagnosis of fibromuscular dysplasia (n=14). Clinical 
characteristics of all patients analysed are presented in 
table 1.
Angiographic imaging revealed atherosclerotic lesions 
in 65 patients (52.8%). In 24 cases lesions were confined 
to the abdominal aorta, while most patients (n=30) 
displayed lesions of both aorta and renal artery. In 25 
patients bilateral renal artery stenosis as part of advanced 
atherosclerosis was diagnosed. 
When patients were stratified according to the presence 
of atherosclerotic lesions in either aorta or renal 
arteries, a 16.9% prevalence of the Asp299Gly mutation 
in atherosclerotic subjects vs 15.5% in subjects without 
atherosclerotic lesions was found (p=0.83, table 2). 
Moreover, an association between Asp299Gly carriership 
and the extensiveness of advanced atherosclerosis appeared 
to be lacking (R=0.89, p=0.64). 
Although distribution of several cardiovascular risk factors 
differed significantly between patients with and those 
without atherosclerotic lesions (table 1), none of these 
factors showed an interaction with both atherosclerosis and 
the Asp299Gly genotype.
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Post hoc analysis showed that exclusion of patients with 
fibromuscular dysplasia did not influence the main results 
of this study.

d i s C U s s i o N

Based on the assumption of an attenuated Asp299Gly 
receptor function and a consequently blunted inflammatory 
response in atherogenesis, we expected carriers of the 
299Gly allele to be less prone to develop atherosclerosis. In 
contrast to our hypothesis and in spite of the intriguing 
findings described in previous reports,14,15,17,18,20,25 the 
present study obtained no association between the 
Asp299Gly TLR-4 receptor polymorphism and advanced 
aortic atherosclerosis. 
Although an explanation for these negative findings 
is not readily apparent, our results might reflect the 
absence of Asp299Gly homozygosity in our study. 
In this context, in vitro research1,4,5,32-35 has obtained 
contradictory results regarding the functional relevance 
of a heterozygous Asp299Gly TLR-4 mutation, whereas a 
functional association between impaired receptor function 
and Asp299Gly homozygosity is rather well established.1,4,5,35 
In keeping with these findings, some clinical studies 
have described an impaired inflammatory response,20,36 

a lower incidence of coronary plaques15,17,20 and a reduced 
progression of carotid atherosclerosis36 in heterozygous 
carriers of the 299Gly allele, while other reports could not 
corroborate these observations.16,21,22 Given that the present 
study, like most other associated studies,12,15,17,18,21 hones in 
on an attenuated receptor function without exploring in 

vivo cytokine production, the above alluded discrepancies 
may thus have consequences for the interpretation of our 
data. 
However, considering the complex nature of atherosclerosis 
and the fact that the totality of the reported data does not 
unequivocally demonstrate a decreased atherosclerotic 
burden in carriers of the Asp299Gly polymorphism (figure 1), 
it seems conceivable that Asp299Gly carriership has only 
a minor impact in atherosclerosis. As a corollary, large 
epidemiological studies are required in order to address the 
impact of the Asp299Gly polymorphism in atherosclerosis 
and hence the setting for genetic association studies, such 
as the present one, is rapidly disappearing.
Although all patients recruited in the present study 
underwent angiography based on clinical criteria 
creating a population with a rather constant prevalence 
of atherosclerosis, we recognise that there are potential 
drawbacks to our study which might have yielded false-
negative results.
Most conspicuous is the rather small study size and a 
consequently restricted statistical power to detect minor 
differences. Exclusion of patients with fibromuscular 
dysplasia made our study even smaller, but it was 
imperative in order to reduce potential bias due to the 
inevitable misclassification of these subjects as not having 
atherosclerosis. Moreover, exclusion did not affect the main 
results of this study. 
Another caveat might be the recruitment of high-risk 
patients as controls. Despite the careful characterisation 
of both cases and controls, a potential prevalence of 
subclinical atherosclerosis outside the angiographically 
assessed vasculature cannot be excluded. However, given 
the fact that we did not observe an association between 

Table 2. Genotype and allele frequencies of the 
Asp299Gly polymorphism in subjects with and without 
documented atherosclerosis

Genotypes Athero-
sclerosis

n (%)

No athero-
sclerosis

n (%)

odds 
ratio

95% Ci

Asp/Asp 54 (83.9) 49 (84.4)

Asp/Gly 11 (16.9) 9 (15.5) 1.1 0.42-2.90

Gly/Gly 0 (0) 0 (0)

Frequency of 
the Gly allele

0.085 0.078

Table 1. Patients characteristics

All patients
(n=123)

Atherosclerosis
(n=65)

No atherosclerosis
(n=58)

P value

Age (years) 
Gender (male/female)
Body mass index (kg/m2)
Current smokers (%)
Diabetes (%)
Cholesterol (mmol/l)
  Range
Glucose (mmol/l)
  Range
Serum creatinine (mmol/l)
  Range
Creatinine clearance (ml/min)

55.0±13
82/41

27.6±5.0
36.6
9.8
5.7

2.6-8.7
5.9

3.4-14.7
102.0
51-404

81.1±33.7

61±11
52/13

26.7±5.9
43.1
14.1
5.5

2.6-8.7
6.0

3.4-14.7
116.0

64-404
66.7±25.2

48±12
30/28

28.7±3.9
29.3
5.1
5.7

3.5-8.7
5.6

4.1-10.0
90.5

51-173
97.3±34.9

0.000*

0.001*

0.037*

0.130
0.100
0.156

0.015*

0.000*

0.000*

* difference is statistically significant.
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the occurrence of evident cardiovascular risk factors 
and Asp299Gly heterozygosity, we expect that a potential 
distortion due to subclinical atherosclerosis is less likely. 
 
In conclusion, our results suggest that Asp299Gly 
heterozygosity has no effect on the prevalence nor 
extensiveness of advanced aortic atherosclerosis.
 

N o T E

Part of this work was presented at the European Society of 
Hypertension meeting in Madrid in June 2006.

A C K N o W l E d G M E N T s

The authors wish to acknowledge Gerly van Vleuten, 
Anneke Heijmans and Karin Flobbe for their excellent 
technical assistance and advice.

r E f E r E N C E s

1. Schwartz DA. The genetics of innate immunity. Chest  
2002;121(3 suppl):S62-8.

2. Schroder NW, Schumann RR. Single nucleotide polymorphisms of Toll-
like receptors and susceptibility to infectious disease. Lancet Infect Dis 
2005;5:156-64.

3. Edfeldt K, Swedenborg J, Hansson GK, Yan ZQ. Expression of toll-like 
receptors in human atherosclerotic lesions: a possible pathway for plaque 
activation. Circulation 2002;105:1158-61.

4. Poltorak A, He X, Smirnova I, et al. Defective LPS signaling in 
C3H/HeJ and C57BL/10ScCr mice: mutations in Tlr4 gene. Science 
1998;282(5396):2085-8.

5. Arbour NC, Lorenz E, Schutte BC, et al. TLR4 mutations are 
associated with endotoxin hyporesponsiveness in humans. Nat Genet 
2000;25(2):187-91.

6. Smiley ST, King JA, Hancock WW. Fibrinogen stimulates macrophage 
chemokine secretion through toll-like receptor 4. J Immunol 
2001;167(5):2887-94.

7. Okamura Y, Watari M, Jerud ES, et al. The extra domain A of fibronectin 
activates Toll-like receptor 4. J Biol Chem 2001;276(13):10229-33.

8. Ohashi K, Burkart V, Flohe S, Kolb H. Cutting edge: heat shock protein 
60 is a putative endogenous ligand of the toll-like receptor-4 complex.  
J Immunol 2000;164(2):558-61.

9. Termeer C, Benedix F, Sleeman J, et al. Oligosaccharides of Hyaluronan 
activate dendritic cells via toll-like receptor 4. J Exp Med 2002;195(1):99-111.

10. Xu XH, Shah PK, Faure E, et al. Toll-like receptor-4 is expressed by 
macrophages in murine and human lipid-rich atherosclerotic plaques and 
upregulated by oxidized LDL. Circulation 2001;104(25):3103-8.

11. Miller YI, Viriyakosol S, Binder CJ, Feramisco JR, Kirkland TN, Witztum JL. 
Minimally modified LDL binds to CD14, induces macrophage spreading 
via TLR4/MD-2, and inhibits phagocytosis of apoptotic cells. J Biol Chem 
2003;278(3):1561-8.

12. Boekholdt SM, Agema WR, Peters RJ, et al. Variants of toll-like receptor 4 
modify the efficacy of statin therapy and the risk of cardiovascular events. 
Circulation 2003;107(19):2416-21.

13. Schwartz DA, Cook DN. Polymorphisms of the Toll-like receptors and 
human disease. Clin Infect Dis 2005;41 Suppl 7:S403-7.

14. Kiechl S, Lorenz E, Reindl M, et al. Toll-like receptor 4 polymorphisms and 
atherogenesis. N Engl J Med 2002;347(3):185-92.

15. Ameziane N, Beillat T, Verpillat P, et al. Association of the Toll-like receptor 
4 gene Asp299Gly polymorphism with acute coronary events. Arterioscler 
Thromb Vasc Biol 2003;23(12):e61-4.

16. Edfeldt K, Bennet AM, Eriksson P, et al. Association of hypo-responsive 
toll-like receptor 4 variants with risk of myocardial infarction. Eur Heart J 
2004;25(16):1447-53.

17. Hernesniemi J, Lehtimaki T, Rontu R, et al. Toll-like receptor 4 
polymorphism is associated with coronary stenosis but not with the 
occurrence of acute or old myocardial infarctions. Scand J Clin Lab Invest 
2006;66(8):667-75.

18. Holloway JW, Yang IA, Ye S. Variation in the toll-like receptor 4 gene 
and susceptibility to myocardial infarction. Pharmacogenet Genomics 
2005;15(1):15-21.

19. Koch W, Hoppmann P, Pfeufer A, Schomig A, Kastrati A. Toll-like receptor 
4 gene polymorphisms and myocardial infarction: no association in a 
Caucasian population. Eur Heart J 2006;27(21):2524-9.

20. Kolek MJ, Carlquist JF, Muhlestein JB, et al. Toll-like receptor 4 gene 
Asp299Gly polymorphism is associated with reductions in vascular 
inflammation, angiographic coronary artery disease, and clinical diabetes. 
Am Heart J 2004;148(6):1034-40.

21. Yang IA, Holloway JW, Ye S. TLR4 Asp299Gly polymorphism is 
not associated with coronary artery stenosis. Atherosclerosis 
2003;170(1):187-90.

22. Zee RY, Hegener HH, Gould J, Ridker PM. Toll-like receptor 4 
Asp299Gly gene polymorphism and risk of atherothrombosis. Stroke 
2005;36(1):154-7.

23. Netea MG, Hijmans A, van Wissen S, et al. Toll-like receptor-4 Asp299Gly 
polymorphism does not influence progression of atherosclerosis in 
patients with familial hypercholesterolaemia. Eur J Clin Invest 
2004;34(2):94-9.

24. Norata GD, Garlaschelli K, Ongari M, et al. Effect of the Toll-like receptor 
4 (TLR-4) variants on intima-media thickness and monocyte-derived 
macrophage response to LPS. J Intern Med 2005;258(1):21-7.

25. Beutler B, Beutler E. Toll-like receptor 4 polymorphisms and atherogenesis. 
N Engl J Med 2002;347(24):1978-80; author’s reply p. 80.

26. Safian RD, Textor SC. Renal-artery stenosis. N Engl J Med 
2001;344(6):431-42.

27. Krijnen P, van Jaarsveld BC, Steyerberg EW, Man in ‘t Veld AJ, Schalekamp 
MA, Habbema JD. A clinical prediction rule for renal artery stenosis. Ann 
Intern Med 1998;129(9):705-11.

28. Anderson GH, Jr, Blakeman N, Streeten DH. Prediction of renovascular 
hypertension. Comparison of clinical diagnostic indices. Am J Hypertens 
1988;1(3 Pt 1):301-4.

29. Detection, evaluation, and treatment of renovascular hypertension. Final 
report. Working Group on Renovascular Hypertension. Arch Intern Med 
1987;147(5):820-9.

30. Cockcroft DW, Gault MH. Prediction of creatinine clearance from serum 
creatinine. Nephron 1976;16(1):31-41.

31. Sham P. Arnolds applications of statistics. London: Arnold; 1998.

32. von Aulock S, Schroder NW, Gueinzius K, et al. Heterozygous toll-like 
receptor 4 polymorphism does not influence lipopolysaccharide-induced 
cytokine release in human whole blood. J Infect Dis 2003;188(6):938-43.

33. Erridge C, Stewart J, Poxton IR. Monocytes heterozygous for the 
Asp299Gly and Thr399Ile mutations in the Toll-like receptor 4 
gene show no deficit in lipopolysaccharide signalling. J Exp Med 
2003;197(12):1787-91.

34. van der Graaf C, Kullberg BJ, Joosten L, et al. Functional consequences 
of the Asp299Gly Toll-like receptor-4 polymorphism. Cytokine 
2005;30(5):264-8.

35. Schmitt C, Humeny A, Becker CM, Brune K, Pahl A. Polymorphisms of 
TLR4: rapid genotyping and reduced response to lipopolysaccharide of 
TLR4 mutant alleles. Clin Chem 2002;48(10):1661-7.

36. Kiechl S, Wiedermann CJ, Willeit J. Toll-like receptor 4 and atherogenesis. 
Ann Med 2003;35(3):164-71.


