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ABSTRACT
B a ck gro u n d. R h e u m atoid art h ritis (RA)
is a heterogeneous condition affecting
1-2% of the population. Genetics ac -
count for 30% of disease susceptibility,
with one third arising from the Major
H i s t o c o m p atibilty Complex. The toll-
like receptor 4 (TLR-4) gene which has
been mapped to chromosome 9 (9q32-
q33) is invo l ved in innate immune re c og -
nition with subsequent pro i n fl a m m a -
tory cytokine release including TNF. A
single nu cleotide poly m o rphism (+896A
→ G) resulting in the amino acid substi -
tution (Asp299Gly) has been shown to
interrupt TLR-4 mediated signalling.
Objective. We sought to determine if
this TLR-4 poly m o rphism infl u e n c e s
susceptibility to rheumatoid arthritis.
M e t h o d s. D NA was ex t racted fro m
879 healthy controls and 212 rheuma -
toid art h ritis patients re c ruited fro m
the north of England. Genotyping wa s
p e r fo rmed using a 5’nu clease Ta q m a n
allelic discri m i n ation assay. A l l e l e
f requencies we re compared betwe e n
the two groups. We also examined wh e -
ther an association existed in non-car -
ri e rs of the DRB1 shared epitope alle -
l e s .
Results. The frequency of the rare al -
lele was 5.9% in the controls and 7% in
the patients. Comparison of rare allele
carriage between controls and patients
revealed no significant difference p =
0.13. This was also the case in shared
epitope negative individuals p = 0.92.
C o n cl u s i o n. The TLR-4 +896 poly -
morphism does not appear to influence
susceptibility to rheumatoid arthritis.

Introduction
Rheumatoid arthritis is a complex het-
erogeneous inflammatory autoimmune
c o n d i t i o n , in wh i ch pro i n fl a m m at o ry
cytokines including tumour necro s i s
factor (TNFα) and interleukin-1 (IL-1)
play a pivotal role in disease pathogen-
esis. Susceptibility to RA is multifacto-
rial with both environmental and genet-
ic factors being important, the latter is
believed to contribute around 30% of
s u s c eptibility (1). Ap p rox i m at e ly one
third of the total genetic susceptibility
a rises from the Major Histocompat i-
bilty Complex (MHC) with the shared
epitope alleles of HLA-DRB1 being

the most convincingly implicated (2).
The shared epitope sequence encodes
amino acids 69-73 of the mature pep-
tide and is important in determining the
repertoire of peptides which are bound
by HLA class II molecules and present-
ed to T cells (3).
The human Toll like receptor-4 (TLR4)
is a type I transmembrane protein with
an extracellular domain consisting of a
leucine rich repeat region and an intra-
cellular domain homologous to that of
the human interleukin-1 receptor (IL-
1R). TLR4 is an innate immune recog-
nition receptor activated by chemically
d ive rse microbial products incl u d i n g
lipopolysaccharide (LPS) (4). LPS is
d e rived from gra m - n egat ive bacteri a l
cell walls and results in production of
TNF, IL-1 and IL-6 from macrophages,
recognition of LPS by cells of the in-
n ate immune system enables pro m p t
clearance of pathogens before they be-
come widely disseminat e d. Exposure
to bacterial products, such as (LPS) or
p ro i n fl a m m at o ry cytokines incre a s e s
TLR4 ex p ression in monocytes and
PMN, an effect which is blocked by the
anti-inflammatory cytokine IL-10 (5).
O ve r- ex p ression of TLR4 has been
shown to drive NFKB activation and
cytokine production including TNFα,
I L - 1 , IL-6 and IL-8 (6). Two TLR4 poly-
m o rphisms have been descri b e d, a n
adenine for guanine substitution at 896
nucleotides from the transcription start
site of TLR4 cDNA (+896) leads to an
amino acid change at 299 from aspartic
acid to glycine (Asp299Gly). This mis-
sense mutation within the fourth exon
alters the extracellular domain of the
TLR4 receptor interrupting TLR4 me-
diated signalling resulting in endotoxin
hy p o re s p o n s iveness. An additional mis-
sense mu t ation replacing a non-con-
served threonine with an isoleucine at
amino acid 399 (Thr399Ile) in the ex t ra-
celllar domain of the TLR4 re c ep t o r
has also been described but does not in-
terrupt TLR4 mediated LPS signalling
(7). 
In view of the ability of TLR4 activa-
tion to stimu l ate infl a m m at o ry cy t o k i n e
release including TNF, we were inter-
ested to determine whether this func-
tional TLR4 (+896) polymorphism in-
fluenced susceptibility to RA.
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Materials and methods 
Controls and patient populations 
DNA was extracted from EDTA anti-
coagulated blood by standard methods
f rom 879 ethnically mat ched healthy
controls and 212 patients with rheuma-
toid arthritis. All patients satisfied the
1987 revised A m e rican College of
Rheumatology criteria for the diagno-
sis of RA (8). 
Genotyping of the A s p 2 9 9 G ly poly-
m o rphism of TLR4 was perfo rm e d
using a 5’nuclease assay (Taqman allel-
ic discri m i n ation test; Pe rkin Elmer
Biosystems, Foster City, USA). Each
a m p l i fi c ation used 20ng of ge n o m i c
D NA as templat e, 900nM of each
primer (Forward 5’CCATTGAAGAA-
TTCCGATTAGCAT-3’; Reverse 5’GG
G A A A AT G A AG A A AC AT T T G T-
C A A - 3 ’ ) , 50nM of Allele 1 pro b e
( 5 ’ FA M - TAG AC TAC TAC C C T C G AT-
G ATAT TAT T G AC T TAT T TA AT T C - 3 ’ )
and 200nM of allele 2 probe (5’TET
AC TAC TAC C T C G AT G G TAT -
TAT T G AC T TAT T TA AT T G T- 3 ’ ) .
Th e rmal cy cling conditions we re as
follows: an initial cycle of 50ºC for 2
minutes, 95ºC for 10 minutes, followed
by 40 cycles of 95ºC for 15 seconds,
and 62ºC for 1 minute with a final hold-
ing cycle of 15ºC. Genotype was ascer-
tained using an ABI Pri s m ® 7 2 0 0
Sequence Detection System Mach i n e
(Perkin Elmer Biosystems, Foster City,
USA).
The validity of the TaqMan genotyping
t e chnique was ch e cked by dideox y
sequencing using an ABI3700 (Perkin
Elmer Biosystems, Foster City, USA).
A 79 base-pair segment including the
polymorphic site was sequenced in 25
individuals and no discrepancies with
genotyping were detected. 
Genotyping of HLA-DRB1 was per-
formed in 164 controls and all of the
RA patients by polymerase chain reac-
tion sequence specific primer reactions
(PCR-SSP) amplification followed by
aga rose gel electro p h o resis (9). Th e
shared epitope (SE) alleles were defin-
ed as DRB1*01, *0401, *0404, *0405,
*0408, *10. 

Statistical analysis
Allele frequencies between the two
groups were compared, p-values were

c a l c u l ated using the χ2 t e s t , with a
value of < 0.05 considered statistically
significant.
The power to detect a relative risk of
greater than or equal to 2 for those car-
rying the G-allele compared to non car-
riers was 91% found by simulation.

Results 
The results of genotyping of the TLR4
+896 poly m o rphism are shown in
Table I. No significant difference was
found between the controls and pa-
tients with 90% of the controls and
86% of the RA patients being homozy-
gote for the TLR4 +896 A allele. The
frequency of the rare allele was 5.9% in
controls and 7% in patients. 
Comparison of carriage of the rare al-
lele between controls and pat i e n t s
revealed no significant difference (p =
0.13) with an estimated relative risk of
1.3 for carriers of allele G compared to
non-carriers. We then analysed allele
frequency in those individuals who did
not carry the shared epitope, 91 of the
164 controls typed for HLA-DRB1 and
46 of the 212 rheumatoid patients were
shared epitope negative. The rare allele
frequency was 4.4% in the shared epi-
tope negative controls and 5.4% in the
r h e u m atoid art h ritis patients. Th e re
was no significant difference in G allele
frequency between cases and controls p
= 0.69. The relative risk of carriers of
allele G compared with non-carri e rs
was 1.2.

Discussion
We did not detect a significant correla-
tion between the TLR4 (+896) poly-
morphism and susceptibility to rheum-
atoid art h ritis despite a large study
sample and a power set of 99% to de-

tect a GRR of 2 or more. 
The role of the MHC in the susceptibil-
ity to rheumatoid art h ritis has been
well documented, but the location of
non-MHC susceptibility genes, which
contribute two-thirds of the genetic risk
for RA, are largely unknown. In sup-
port of our results TLR4 has been map-
ped to chromosome 9 (9q32-q33) (10),
within a region that has not previously
been genetically linked with RA.
The innate immune system prov i d e s
the initial defence mechanism to for-
eign pat h ogens and is a non-antige n
specific response. The major cells and
molecules of the innate immune system
have been found in rheumatoid synovi-
um and may be involved in the initia-
tion of inflammation (11). The Toll-like
receptors are vital pattern recognition
receptors (PRRs) in the innate immune
system(12). Activation of a Toll recep-
tor results in a common signal trans-
duction pathway involving MyD88, IL-
1R associated kinase (IRAK) and TNF
receptor associated factor 6 (TRAF6)
(13). The TLR signalling pathway is
h i g h ly homologous to that of IL-1
receptor, the receptors share sequence
s i m i l a rities in their cytoplasmic do-
main Toll-IL-1-R (TIR) and signal via
common components including MyD-
88 and IRAK (14). The role of IL-1 has
been well documented in the pathogen-
esis of RA (15) and poly m o rp h i s m s
within the IL-1 cluster have been show n
to be associated with rheumatoid arth-
ritis (16,17). Evidence exists that T L R 4
is ex p ressed in synovial cells fro m
patients with RA (18). The homology
between the TLR4 and IL-1 signalling
p at h ways supports a potential candi-
date role for TLR4.
The TLR4 +896 poly m o rphism des-

Table I. Genotype distribution of the TLR4+896 polymorphism in the controls and rheuma-
toid arthritis patients. The genotype relative risk is shown for both shared epitope positive
and negative individuals.

Shared epitope positive Shared epitope negative

Genotype Relative Genotype Relative 

AA AG+GG risk AA AG+GG risk

Controls 787 92 83 8

Patients 182 30 1.3 41 5 1.2



BRIEF PAPER TLR-4 +896 polymorphism in RA / R. Kilding et al.

342

cribed by Arbor et al has been demon-
s t rated to interrupt TLR4 mediat e d
LPS-signalling and reduce production
of TNF by inflammatory cells (7). To
date, work has focussed on the poten-
tial role of this polymorphism in infec-
tions, but clearly there are potential im-
p l i c ations in systemic infl a m m at o ry
diseases. To our knowledge this is the
first study to investigate the relation-
ship between the TLR4 + 896 polymor-
phism and rheumatoid arthritis. 
In conclusion the TLR-4 +896 poly-
morphism does not appear to influence
susceptibility to rheumatoid arthritis.
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