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ABSTRACT

Both ankylosing spondylitis (AS) and
rheumatoid arthritis (RA) are com-
mon, highly heritable conditions, the
pathogenesis of which are incompletely
understood. Gene-mapping studies in
both conditions have over the last cou-
ple of years made major breakthroughs
in identifying the mechanisms by which
these diseases occur. Considering RA,
there is an over-representation of genes
involved in TNF signalling and the
NFXB pathway that have been shown
to influence the disease risk. There is
also considerable sharing of suscep-
tibility genes between RA and other
autoimmune diseases such as systemic
lupus erythematosus, type 1 diabetes,
autoimmune thyroid disease and celiac
disease, with thus far little overlap with
AS. In AS, genes involved in response
to IL12/IL23, and in endoplasmic retic-
ulum peptide presentation, have been
identified, but a full genomewide asso-
ciation study has not yet been reported.

Introduction

Rheumatoid arthritis (RA) and anky-
losing spondylitis (AS) are the proto-
typic seropositive and seronegative in-
flammatory arthropathies respectively.
Whilst the clinical distinction between
these common conditions has long been
recognised, apart from differences in
their HLA-associations, until recently
little has been known about the differ-
ences in their genetic associations. The
genomewide association study era has
demonstrated that there are major dif-
ferences between the genes involved in
these conditions, with little overlap thus
far identified. This review outlines our
current knowledge of the genetics of
each condition, and highlights the ma-
jor differences that underlie them.

Rheumatoid arthritis

Genetic factors clearly play a major
role in determining individual risk
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of developing RA. The disease runs
strongly in families, and is highly her-
itable. The heritability of RA is about
60% (i.e. 60% of the risk of develop-
ing RA is due to genetic factors) (1).
The likelihood of siblings of an RA
case also developing the disease is 2-
6-times greater than the likelihood of
developing RA in the general commu-
nity, with a higher recurrence risk ratio
observed in families with more severe
cases (2, 3). This suggests that genes
affecting susceptibility to RA also in-
fluence its severity.

Major histocompatibility

complex genes and RA

The main gene causing RA, HLA-
DRBI1, has been known for more than
25 years (4). This gene accounts for
about 30% of the risk of developing RA
(5), and in the last couple of years rapid
progress has been made identifying the
further genes involved in susceptibility
to the disease.

RA s associated with HLA-DRB1 alleles
that encode a shared sequence of amino-
acids termed the ‘shared epitope’ (SE;
consisting of "QRRAA™, "RRRAA™
or "QKRAA™) which comprise residues
70-74 in the third hypervariable region
(HVR3) of the DRB1 chain (6). The al-
leles carrying this nucleotide sequence
are DRB1*0401, *0404, *0405, *0408,
*0101, *0102, *1402, *09 and *1001.
These alleles have differential strength
of association with RA, with the high-
est risk associated with DRB1*0401
or *0404 homozygotes or compound
heterozygotes. The absolute risk of de-
veloping RA if carrying a SE encoding
allele is 1 in 35 for *0401, 1 in 20 for
*0404 and 1 in 80 for *0101 (7). The
association of HLA-DRBI is restricted
to anti-CCP positive RA, and there is a
strong interaction involved with ciga-
rette smoking, since SE-carriers that
smoke are much more likely to develop
RA than non-smokers (Fig. 1) (8).



It is likely that further MHC genes are
involved in RA-susceptibility, and that
they either interact differently with, or
are carried on different haplotypes by,
different SE-carrying alleles (9). Pre-
liminary studies using dense SNP maps
have identified other regions likely to
harbour these genes (10). Recently the
MHC Class III gene, AIFI, has been
associated with RA and T1DM, and
over-expressed in peripheral blood
and in synovium of RA cases (11, 12).
Further genes are also likely to be in-
volved, but large studies controlling
for the complex patterns of MHC link-
age disequilibrium will be required to
identify these.

Protein tyrosine phosphatase 22
(PTPN22)

The gene PTPN22 was found to be as-
sociated with RA having originally been
identified as a susceptibility gene for
type 1 diabetes mellitus (T1DM) (13).
It encodes a 110-kD cytoplasmic pro-
tein tyrosine phosphatase (Lyp) that is
thought to function as a down-regulator
of T-cell receptor dependent responses
through interaction with a negative reg-
ulatory kinase, Csk. This gene is also
associated with a variety of other au-
toimmune diseases including systemic
lupus erythematosus, Addison’s disease
and Hashimoto’s thyroiditis, in addition
to RA (14) and T1DM, helping to ex-
plain the tendency for these conditions
to segregate together. PTPN22 is not
associated with RA in Asians, because
the key associated variant (rs2476601,
R620W) is not polymorphic in Asian
populations (15).

Peptidyl-arginine deiminase 4
(PADI4)

The gene PADI4 has been comprehen-
sively demonstrated to be associated
with RA in Japanese and Korean pop-
ulations (16), but not in Caucasians.
The enzyme PADI4 citrullinates pep-
tides, antibodies against which (anti-
CCP antibodies) are highly specific
for RA. The discovery of the associa-
tion of PADI4 with RA strongly sug-
gests that anti-CCP antibodies are im-
portant in disease pathogenesis, and
not merely an immunological epiphe-
nomenon.
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Fig. 1. (Derived from ref. 8) Risk of RA in relationship to shared-epitope, anti-CCP antibody and
cigarette smoking status. For CCP+ve and CCP-ve comparisons, the relevant groups are the CCP+/ and
CCP-/non-smokers respectively. Shared-epitope positive individuals who carry anti-CCP and smoke
are at greatly increased risk of developing RA. The increased risk of RA in cigarette smokers does not
extend to those who are either shared-epitope negative, or anti-CCP negative.

NFKB pathway genes

In the past 24 months several new
genes have been identified and con-
firmed as being associated with RA that
have helped define the likely immun-
opathogenesis of the disease. A com-
mon feature of the RA-associated genes
TRAF1, TNFAIP3, PRKCQ, TNFRSF 14
and CD40 is that they are all involved
in TNF/NFkB signaling pathways.
Aregion on chromosome 9q33 contain-
ing the genes C5 and TRAFI has been
robustly associated with RA (17), and
fine-mapping studies make it increas-
ingly likely that TRAF I (TNF receptor-
associated factor 1) is the key associated
gene. The TRAF1 protein is involved in
signal transduction from TNF receptor
family members, including CD40 and
TNFRSF 14, which have also recently
been associated with RA (18). Nei-
ther the TRAF1/C5 nor TNFRSF 14 loci
have yet been convincingly associated
with other autoimmune diseases. CD40
polymorphisms have recently been as-
sociated with multiple sclerosis.

A region on chromosome 6q23, in ad-
dition to being associated with RA (17,
19), has also been associated with SLE,
T1DM, and celiac disease. The region
contains two known genes (TNFAIP3
and OLIG3), as well as a pseudogene
PTPN11. Atthis stage the evidence most
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strongly supports TNFAIP3 as being
the key associated gene in the region.
TNFAIP3 (otherwise known as A20)
interacts with TFAF1 (and TRAF2) to
inhibit signalling in response to TNF
and TLR ligands. TNFAIP3 knock-out
mice develop multiorgan inflammation,
arthritis and cachexia (20).

PRKCQ is another pleiotrophic gene,
polymorphisms have been convinc-
ingly associated with RA (18), and re-
cently also been shown to be associated
with TIDM. PRKCQ encodes a protein
kinase C isoform that is involved in
linking TCR signaling with NfKB ac-
tivation and T helper cell subset differ-
entiation (21).

It seems likely that other genes involved
in NFkB signaling will be demonstrat-
ed to be involved in RA susceptibility.
For example, it has recently been dem-
onstrated that polymorphisms in REL,
which encodes c-Rel, an NfKB subu-
nit, are associated with celiac disease,
a condition closely immunologically
related to RA (22).

T-cell differentiation/activation
genes

Genes influencing T-cell differentiation/
activation are also over-represented in
those that have been associated with RA
to date. STAT4 is significantly associated
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with RA (23), and also with other organ-
specific autoimmune diseases including
T1DM and SLE. STAT4 is a transcrip-
tion factor particularly involved in driv-
ing CD4 lymphocyte differentiation into
Th1 lymphocytes, and stimulating inter-
feron-y secretion. STAT4 knockout mice
develop less severe collagen-induced
arthritis, and suppression of STAT4
levels using antisense oligonucleotides
reduces collagen-induced arthritis activ-
ity, even when applied after the onset of
arthritis (24).

CTLA4 is a protein involved in co-
stimulation regulation of T-cell acti-
vation. Polymorphisms of CTLA4 are
associated with autoimmune thyroid
disease, T1DM, and celiac disease, and
RA (25). PRKCQ in addition to being
involved in NFxB signaling has wide-
spread effects on T cell differentiation
and survival.

These findings confirm that abnormali-
ties of T cell differentiation and func-
tion are likely involved in RA causa-
tion, and are not just bystander effects
of the RA disease process.

Other regions

In some genetic regions associated with
RA, the key associated gene is quite
unclear. Association has been reported
and confirmed with the chromosome
4q27 region encoding both the IL2
and IL2] genes (26). IL2RB has been
convincingly associated with RA, so
IL2 would seem a likely candidate, but
IL21 is also a strongly proinflamma-
tory cytokine. It may prove that both
are involved.

A region on chromosome 12ql3 has
been associated with RA (27) and also
recently with T1IDM and multiple scle-
rosis. The key associated gene here is
quite uncertain. In multiple sclerosis
and type 1 diabetes though, there is sug-
gestive evidence that the gene encod-
ing the vitamin D activating enzyme,
1-alpha 25-hydroxyvitamin D hydrox-
ylase, is involved (reviewed in (28)).
Vitamin D has multiple effects on im-
munological function, and if this gene
is confirmed as being the polymorphic
gene responsible for the association at
this locus, it would represent a highly
tractable therapeutic target. In RA, the
strongly associated SNP lies in KIF5A

(kinesin family member 5a), a func-
tionally unlikely candidate for RA, but
the association signal includes the gene
PIP4K2C, encoding phosphatylinositol
4 phosphate 5 kinase type II gamma.
The latter has recently been identified
as an autoantigen in RA, raising poten-
tial mechanisms by which it may influ-
ence RA susceptibility (29).

Conclusion

The list of genes definitely associ-
ated with RA is likely to continue to
increase rapidly as sample sizes in-
crease, and different populations are
studied. However the genes robustly
identified to date place T-cell activa-
tion, and NFkB signaling at the centre
of the process leading to the develop-
ment of RA. These findings are already
providing valuable foundations from
which hypothesis driven research can
proceed, and identified potential novel
therapeutic targets.

Ankylosing spondylitis

Familial aggregation of ankylosing
spondylitis (AS) has been recognized
for many years and the association with
HLA-B27, first reported in 1973 (30,
31), constitutes the strongest genetic as-
sociation observed with any human im-
mune disease. Siblings of a case have a
50-fold risk of developing the condition
compared to the general population and
disease concordance is 63% in identi-
cal as compared to 13% in non-identi-
cal twins (32, 33). The latter study also
estimated that 97% of the population
variance can be explained by genetic
effects and environmental influences
are likely to be ubiquitous and there-
fore non-contributory to population
variance. Genetic factors also appear
to play an important role in influencing
disease severity as affected sibling pairs
have closer scores for disability, pain,
and radiological damage than expected
(34-36). An important role for non-B27
genes is highlighted by the increased
risk of disease in B27 positive relatives
of AS patients compared to B27 posi-
tive individuals in the general popula-
tion as well as the higher concordance
rate of disease in monozygotic twins
(63%) compared to B27 positive dizy-
gotic twin pairs (23%) (33, 37).
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Major histocompatibility

complex genes

Although the dominant gene account-
ing for the association at the major
histocompatibility complex (MHC) is
B27, there appears to be a role for other
HLA-B and non-HLA-B MHC genes.

HLA-B27 and B27 subtypes.

The risk for AS in B27 positive indi-
viduals is in the order of 2-5% and 90-
95% of Caucasians are B27 positive.
The strength of this association is less
evident among certain ethnic groups
and in those with concomitant psoriasis
or inflammatory bowel disease where
only 60-80% carry B27.

The Anthony Nolan Trust database re-
ported 58 subtypes of B27 as of April
2009 but for most, disease association
with AS is unclear since the subtypes
have been reported in only a few un-
affected individuals. AS has been re-
ported with the following subtypes:
B*2702,2703,2704,2705,2706,2707,
2708, 2709, 2710, 2714, 2715, 2719
and 2730 (38). Studies of B27 subtypes
have been very helpful in clarifying the
following aspects into the mechanism
of the B27 association with AS. First,
because B27 subtypes associated with
disease occur on different HLA hap-
lotypes, this draws attention to B27
as the principle gene associated with
disease and not some adjacent B27
linked MHC gene. Second, analysis
of the amino acid sequence of associ-
ated and non-associated B27 subtypes,
has shown that the primary differences
are observed in the B27 antigen bind-
ing groove and studies have shown that
this results in differences in the range of
peptides presented by B27 to cytotoxic
T-cells (39). B*¥2706 and B*2709 are
less strongly associated with disease
and differ from the disease associated
B2705 subtype at amino acid position
116 (both subtypes) and position 114
(B*2704) in the antigen binding pocket
of B27 that binds the C-terminal amino
acid of the antigenic peptide so that
peptides with argininee or tyrosine at
the C-terminus are not bound. There
is presently sufficient epidemiological
data to support the association between
B*2704, B*2705, B*2702 and B*2707
with AS. It was originally thought that



B*2706 and B*2709 were protective
but there are now case reports reporting
disease in carriers of B*2709 (40, 41)
and one family study has shown that
B2704/2706 compound heterozygotes
still develop AS (13). It is more likely
that these subtypes have a weaker asso-
ciation with AS than B*2705. Although
the mechanistic basis for the differen-
tial subtype associations with disease
is still unclear, it is unlikely that this is
on the basis of a shared epitope as has
been established in RA.

Non-B27 HLA genes

Population studies and examination
of multiplex families have implicated
HLA-B60 in risk for disease in B27
positive Caucasians (42). It has also
been implicated in B27 negative Chi-
nese with AS (43), while an increased
risk has been associated with B39 in
B27 negative Japanese cases (44). In-
terestingly B39 shares the same amino
acids that make up the B-pocket of the
antigen binding groove in B27 and is
capable of binding the same peptides.
The mechanism of the B60 association
is unclear and it may reflect an HLA
haplotype that carries other genes as-
sociated with disease. B*1403 has been
associated with disease and also shares
a similar sequence to B27 in the anti-
gen binding groove (45).

Evaluation of associations with other
MHC genes is extremely challeng-
ing due to the complexity associated
with extreme variation at different
MHC loci and the extensive linkage
disequilibrium observed between loci.
One study that compared B27 matched
case and control haplotypes showed a
strong association with HLA-DRBI re-
gardless of the B27 status of the chro-
mosome (46). Case control analysis
matching for B27 identified 2 haplo-
types (B27 positive/DRB107 positive
and B27 negative/DRB103 positive)
that were associated with susceptibil-
ity to disease. This study also impli-
cated genes in the class 3 region that
include the C4A/B components of the
complement pathway, CREBLI, in-
volved in the unfolded protein stress
response in the endoplasmic reticulum,
and CYP21A2, a member of the cyto-
chrome P450 family. Identification of
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the true disease associated gene in this
region will require large data-sets with
greater marker densities.

Non-major histocompatibility
complex genes

The component of the increased risk
in siblings attributable to non-MHC
loci is approximately equivalent to the
entire genetic component of insulin de-
pendent diabetes and greater than that
for rheumatoid arthritis. Recent work
has identified several novel genetic as-
sociations in non-MHC regions.

Interleukin-1 (IL-1) gene cluster
Association of members of the IL-1
gene cluster on chromosome 2q13 has
been reported in several studies in Cau-
casian and Asian populations (47-53)
although consistency has been lacking
in identifying the principle gene associ-
ated with disease. The IL-1 gene cluster
is a 360 kilobase region containing 9
genes with sequence homology either to
the pro-inflammatory IL-1 agonists, IL-
lalpha (IL-1A) and IL-1beta (IL-1B),
or the anti-inflammatory IL-1 antago-
nist IL-1RN, encoding the protein IL-
1RA. A recent meta-analysis of 2,675
AS cases and 2,592 ethnically matched
controls from 12 discrete cohorts in 10
countries demonstrated that the strong-
est association was observed with 3
single nucleotide polymorphisms in the
IL-1A gene with no significant hetero-
geneity of effects between centers (51).
The population attributable risk frac-
tion was estimated at 4-6%. Odds ratios
for the association with disease were
quite modest for each polymorphism
(=1.2) and similar to that reported for
associated genes in RA. This study was
important in also emphasizing the re-
quired sample size to detect effects of
the size observed with IL-1A and is a
likely explanation for the variability of
findings in prior studies of IL-1 gene
cluster members and AS.

Endoplasmic reticulum
aminopeptidase-1 (ERAPI)

A recent genome-wide association scan
conducted in 1,000 patients with AS
and 1,500 control subjects from the
Welcome Trust Case Control Consor-
tium (WTCC) and the Australo-Anglo
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American  Spondylitis  Consortium
(TASC) using 14,500 non-synony-
mous coding single nucleotide poly-
morphisms demonstrated assocations
with SNPs located in the gene encod-
ing an endoplasmic reticulum amino
peptidase, ERAPI1, on chromosome
5 and interleukin 23 receptor gene on
chromosome-1 (54). ERAP1 has been
implicated in 2 biologic functions: 1.
N-terminus trimming of peptides that
have been transported into the endo-
plasmic reticulum where they bind to
Class 1 HLA molecules prior to cell
surface presentation to T-cells (55); 2.
trimming of surface expressed cytokine
receptors and specifically the tumor
necrosis factor receptor 1 (TNFR1)
(56), interleukin 6 receptor alpha (57),
and the type II interleukin 1 receptor
(58). A replication study in 3 Canadi-
an case control cohorts has confirmed
this association and also demonstrated
a specific ERAP1 haplotype that was
strongly associated with disease in all
3 cohorts (59).

Interleukin-23 receptor

(IL23R)

An association with IL23R has been
demonstrated in several cohorts in ad-
dition to the WTCC and TASC cohorts
(60-62). It has also been demonstrated
to be associated with both inflammato-
ry bowel disease and psoriasis (63, 64).
IL23 is an important cytokine and to-
gether with IL-1 and IL-6 regulates the
differentiation of T-cells into a distinct
phenotype that expresses interleukin
17 (65). IL17 induces pro-inflamma-
tory cytokines in several cell types
within the joint and has been shown to
act synergistically with tumor necrosis
factor alpha (66). It is elevated in both
synovial fluid and serum of patients
with spondyloarthritis (67). Therapeu-
tic strategies targeting IL23 have been
successful in psoriatic arthritis but
have yet to be assessed in AS (68). A
recent report has also shown that over
expression of IL23 is a pivotal feature
of subclinical gut inflammation in AS
(69). An important role for IL23 in di-
rectly activating the innate intestinal
immune system is an additional prop-
erty distinct from its role in triggering
the proliferation of TH17 cells (70).
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Conclusion

Although we now have quite long lists
of genes identified which are involved
in RA and AS, thus far there appears
little overlap between factors affecting
susceptibility to the two diseases. As
predicted by the patterns of familial ag-
gregation of these diseases, RA shares
many susceptibility genes with autoim-
mune diseases such as T1DM, celiac
disease, autoimmune thyroid disease
and even systemic lupus erythemato-
sus. A feature of the genetic determi-
nants of RA is an over-representation of
genes involved in NFkB pathways. In
contrast, in AS, the genes identified to
date have been involved in Th17 lym-
phocyte differentiation, and likely, pep-
tide presentation by HLA Class I. Many
more genes remain to be identified for
each condition, but even with only a
moderate proportion of the genetic
susceptibility to each disease defined,
these novel insights have validated the
genetics research programs that have
contributed to these achievements.
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