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Background & Aims: The detection of phenotype-deter-
mining genes as opposed to disease susceptibility
genes requires precise phenotypic characterization of
patients. Peripheral arthropathies in inflammatory bowel
disease (IBD) are well recognized and are classified
with the HLA-B*27-related spondyloarthropathies by
the European Spondyloarthropathy Study Group. How-
ever, previous HLA studies in IBD have only shown this
association with axial disease rather than peripheral
arthropathy. We recently reported a clinical classifica-
tion that describes 2 types of peripheral arthropathy,
distinguished by their natural history and articular
distribution. We now report the results of immunoge-
netic studies in these patients and compare them with
other spondyloarthropathies. Methods: IBD patients
with type 1 (n 5 57) and type 2 (n 5 45) peripheral
arthropathy were identified by case note review and
questionnaire. Patients and 603 controls from Oxford-
shire were assigned HLA-A, -B, -C, -DR, and -DQ
genotypes by sequence-specific primer polymerase
chain reaction. Patient results were compared with
controls (corrected for multiple comparisons), then
with each other in light of existing hypotheses. The
results were compared with those of a cohort of 30
patients with postenteric reactive arthritis (ReA) and
16 patients with IBD-associated ankylosing spondylitis
(IBD-AS). Results: Type 1 arthropathy was associated
with HLA-DRB1*0103 (DR103; a rare subtype of DR1)
in 33% (P F 0.0001; relative risk [RR], 12.1), B*35 in
30% (P 5 0.01; RR, 2.2), and B*27 in 26% (P 5 0.001;
RR, 4.0). In contrast, type 2 was associated with
HLA-B*44 in 62% (P 5 0.01; RR, 2.1). Similar signifi-
cant associations to type 1 arthropathy were found in
ReA, except that the HLA-B*27 association was signifi-
cantly stronger and an association was found with
DRB1*0101 (DR1) in 43% (P 5 0.001; RR, 2.2). IBD-AS
was associated only with HLA-B*27 and DRB1*0101.
Conclusions: These data suggest that the clinical
classification into type 1 and type 2 arthropathies
describes immunogenetically distinct entities and es-
tablish that in polygenic disorders, genes may deter-
mine clinical phenotype without conferring overall dis-

ease susceptibility (in this case, HLA genes). Type 1
arthropathy is clinically and immunogenetically similar
to the spondyloarthropathies, but different HLA associa-
tions may define phenotypically distinct groups. Type 2
arthropathy has different HLA associations and may
have a different etiology. Further studies are now
required to confirm these associations and to elucidate
the different pathogenetic mechanisms.

Ulcerative colitis (UC) and Crohn’s disease are charac-
terized by intestinal, and sometimes extraintestinal,

inflammation. There is now good evidence that genetic
susceptibility is important in the pathogenesis of these
disorders and that several genes are involved.2–4 Microsat-
ellite screening of the genome has revealed several loci in
linkage with these diseases. Some of these loci are
common to both UC and Crohn’s disease (presumably
determining overall susceptibility to inflammatory bowel
disease [IBD]), but others appear to be disease specific.5–7

However, other genes may influence the clinical course of
the disease without conferring susceptibility, but detec-
tion of these ‘‘phenotype-determining genes’’ depends on
precise clinical characterization of patients. In IBD, this
has been well illustrated by the conflicting data from
previous studies of HLA associations, possibly due to
ethnic differences in the populations studied and the
failure to study a sufficient number of patients to allow
meaningful analysis between phenotype and genotype. A
previous study from Oxford did describe specific pheno-
type-genotype associations in UC, although not in Crohn’s
disease.8

The most striking of these associations was between
HLA-DRB1*0103 (a rare subtype of DR1) and extraint-
estinal manifestations (arthropathy, erythema nodosum,
uveitis).8,9 For patients with arthropathy, 27.2% pos-

Abbreviations used in this paper: PeA, peripheral arthropathy;
ReA, reactive arthritis.
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sessed HLA-DRB1*0103 (DR103) compared with 8.6%
for UC as a whole and 3.3% for healthy controls.9

The peripheral arthropathies (PeAs) of IBD are often
classified with the HLA-B*27–related spondyloarthropa-
thies.1 However, previous association studies have failed
to find any significant associations with HLA-B*27.10

This may be a result of the small numbers of patients
studied and the failure to characterize the different forms
of arthropathy accurately. We recently reported a clinical
classification of PeAs in IBD that describes 2 types,
distinguished by their articular distribution, natural
history, and disease associations (Table 1).11 In this
classification, type 1 PeA is clinically similar to posten-
teric reactive arthritis (ReA), which is associated with
HLA-B*27 in up to 80% of cases, depending on the
initiating organism and severity of the arthropathy,12–14

and with HLA-B*35 in some studies. This classification
may facilitate the demonstration of HLA associations
previously masked by allowing the definition of more
homogeneous clinical groups. This study was performed
to identify the HLA associations of type 1 and type 2 PeA
of IBD, with the a priori hypothesis that type 1 is
associated with HLA-B*27, -B*35, and -DRB1*0103.
In addition, the study aimed to determine whether HLA
status influences the clinical course of the arthropathies
and to elucidate their relationship to the other spondylo-
arthropathies.

Materials and Methods
From our population of 976 UC patients and 483

Crohn’s disease patients, 59 patients with type 1 PeA were
identified, 46 with type 2 PeA, and 16 patients with IBD-
associated ankylosing spondylitis (IBD-AS). Blood was ob-
tained from 57 type 1 patients, 45 type 2 patients, and 16
patients with IBD-AS (for which ethical approval had been
given). Patients were white subjects from Northern Europe,
with less than 5% having Jewish ancestry. DNA was separated
from peripheral blood leukocytes by a salting-out technique
and was dissolved in sterile water with concentrations of
10–100 ng/µL. HLA-A, -B, -C, -DR, and -DQ genotyping was
performed using the phototyping technique described by
Bunce et al.15 on initial cohorts of 30 patients with type 1 and

30 patients with type 2 PeA. Briefly, sequence-specific primers
for the HLA alleles were used in polymerase chain reaction with
patient DNA and Taq polymerase (Bioline, London, England).
One hundred forty-four separate reactions per patient allow the
determination of HLA class I and II typing as described by
Bunce et al.15 The products were then run on 1% agarose gels
with ethidium bromide and viewed under UV light. HLA
types were assigned according to the primers that had ampli-
fied. This method has been previously validated and is in
routine use for histocompatibility testing in the United
Kingdom.15

The results were analyzed by the Fisher exact test against a
panel of 603 normal controls from Oxfordshire, using 2 3 2
contingency tables for alleles of interest (HLA-B*27, -B*35,
and -DRB1*0103), with the Bonferroni correction for multiple
comparisons for other alleles (correction factor of 33 for the
HLA-B locus). Further hypotheses were generated and tested
against 92 IBD disease controls (52 UC patients and 40 Crohn’s
disease patients) and each other. The disease controls were
patients randomly selected from the Oxfordshire IBD popula-
tion who had not suffered from IBD-associated arthropathy.

The remaining patients with arthropathy (27 type 1 and 15
type 2) were typed for HLA-B*27, -B*35, -B*44, -DRB1*0101
(DR1), and -DRB1*0103 (DR103) by the same methods and
were analyzed as a cohort to replicate the findings from the first
cohort. The results were then combined with the first cohort to
undertake analysis by disease type (UC and Crohn’s disease).

A further cohort of 30 patients with established postenteric
ReA and the 16 patients with IBD-AS also underwent HLA
genotyping for HLA-B*27, -B*35, -DRB1*0101, and
-DRB1*0103, and the results were compared with the results
for IBD arthropathy and healthy controls.

Results

In the first cohort, when compared with controls
(with correction for multiple comparisons where appropri-
ate), type 1 arthropathy was significantly associated with
possession of HLA-B*27 (27% vs. 7%; P 5 0.001;
relative risk [RR], 4.0), HLA-B*35 (33% vs. 15%;
P 5 0.01; RR, 2.2), and HLA-DRB1*0103 (40% vs.
3%; P , 0.0001; RR, 12.1). Type 2 arthropathy was
associated with possession of HLA-B*44 (63% vs. 31%,
P 5 0.0005, Pc 5 0.017; RR, 2.1). These differences
were also significant when comparisons were made
against the 92 disease controls (B*27, P 5 0.004; B*35,
P 5 0.02; DRB1*0103, P , 0.0001; B*44, P 5 0.0001)
and when the 2 PeA groups were compared (B*27,
P 5 0.03; B*35, P 5 0.02; DRB1*0103, P 5 0.0001;
and B*44, P 5 0.0001). These associations were all
confirmed in the smaller second cohorts compared with
IBD and healthy controls (type 1 arthropathy: B*27,
26% vs. 7%, P 5 0.02 [RR, 3.9]; B*35, 33% vs. 15%,
P 5 0.025 [RR, 2.2]; DRB1*0103, 30% vs. 3%,
P , 0.0001 [RR, 8.9]; type 2 arthropathy: B*44, 60%

Table 1. Classification of Peripheral Arthropathy in IBD

Type 1 (pauciarticular)
An acute, self-limiting arthropathy lasting a median of 5 wk; affects

less than 5 joints, normally including a large joint; associated
with relapses of IBD and both erythema nodosum and uveitis

Type 2 (polyarticular)
A symmetrical seronegative polyarthropathy that runs a course

independent of IBD; tends to cause persistent symptoms with a
median duration of 3 yr; is associated with uveitis but not ery-
thema nodosum.

NOTE. Neither form is seropositive, erosive, or deforming.
Modified and reprinted with permission.11
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vs. 31%, P 5 0.02 [RR 5 1.9]). The results of the entire
population with IBD-associated PeA are shown in Table
2. When the groups were split and analyzed separately for
UC and Crohn’s disease, all the associations remained
statistically significant, and there were no significant
differences between UC and Crohn’s disease. Further
analysis of type 1 arthropathy was undertaken by clinical
phenotype; 17 patients had recurrent (2 or more) episodes
of arthropathy, and 40 had a single episode. The preva-
lence of DRB1*0103 in the former was 11 of 17 (65%)
and in the latter was 9 of 40 (23%) (P 5 0.003). No other
positive HLA associations were noted, but the prevalence
of HLA-DR15 was decreased in type 1 compared with
type 2 (7% vs. 30%; P 5 0.04).

The results of HLA typing in the cohort of postenteric
patients with ReA are shown in Table 3. There was a
significant increase in prevalence of HLA-B*27, -B*35,
-DRB1*0101, and -DRB1*0103 in this group compared
with controls. There is no significant difference between
HLA-DRB1*0103 or HLA-B*35 compared with type 1
IBD PeA, but there was a significant increase in HLA-
B*27 and -DRB1*0101 over and above that seen in
patients with type 1 IBD PeA. An increase in HLA-B*27
was also found in the small group of IBD-AS patients, in
which there was also a significant association with
HLA-DRB1*0101 but not with HLA-DRB1*0103 or
-B*35.

Other HLA-B alleles tested were B*7, B*8, B*13,
B*18, B*39, B*41, B*45, B*46, B*47, B*48, B*49,
B*50, B*51, B*52, B*53, B*54, B*55, B*56, B*57,
B*58, B*60, B*61, B*62, B*63, B*70, B*71, B*72,
B*75, B*76, B*77, B*78, and B*82.

Other HLA-DR alleles tested were DRB1*0101,
DRB1*15, DRB1*03, DRB1*04, DRB1*07, DRB1*08,

DRB1*09, DRB1*10, DRB1*11, DRB1*12, DRB1*13,
and DRB1*14.

No positive or negative associations were found with
any of the above.

Discussion

This study reports significant HLA associations
with the arthropathies of IBD that influence the pattern
of peripheral joint involvement and that may indicate
their relationship to other spondyloarthropathies. The
clinical phenotypes of the articular problems in UC and
Crohn’s disease are the same, and the HLA associations
are identical and are not present in IBD patients without
joint complications. This implies that genes of the HLA
region have an important role in determining the clinical
course of the articular disease in IBD, although not in
susceptibility to IBD itself. Thus, phenotype-determin-
ing genes may have a role in other polygenic disorders,
affecting the clinical outcome without conferring disease
susceptibility.

Association studies of this sort allow the detection of
associations with specific genes that may be pathogeneti-
cally important. However, they may simply reflect
linkage disequilibrium with the actual pathogenic gene
located close by. Subdividing the IBD population may
create inadvertant stratification of the population that
may lead to errors, and adequate statistical allowance for
multiple comparisons is also essential to minimize the
chances of detecting spurious associations. This study
shows that the 2 types of IBD arthritis have distinct
immunogenetic characteristics, irrespective of whether
the genes identified are pathogenetically relevant. How-
ever, the consistency of the findings and the relationship

Table 3. HLA Associations of Type 1 IBD Associated
Peripheral Arthropathy and Other
Spondyloarthropathies

HLA type

IBD
type 1PeA
(n 5 57)

Reactive
arthritis
(n 5 30)

IBD-AS
(n 5 16)

Controls
(n 5 603)

No. % No. % No. % %

HLA-B*27 15 26 17 57a 9 56b 7c,d

HLA-B*35 19 33 9 30e 3 19 15
HLA-DRB1*0101 10 18 13 43f 10 63g 19h,i

HLA-DRB1*0103 20 35 4 13j 1 6k 3l

HLA-B*27: aIBD PeA vs. ReA, P 5 0.009; bIBD PeA vs. IBD-AS, P 5

0.03; cReA vs. controls, P , 0.0001; dIBD-AS vs. controls, P , 0.0001.
HLA-B*35: eReA vs. controls, P 5 0.03; RR, 2.0.
HLA-DRB1*0101: fIBD PeA vs. ReA, P 5 0.02; gIBD PeA vs. IBD-AS,
P 5 0.002; hReA vs. controls, P 5 0.001; iIBD-AS vs. controls, P ,

0.0001.
HLA-DRB1*0103: jIBD PeA vs. ReA, P 5 0.04; kIBD PeA vs. IBD-AS,
P 5 0.03; lReA vs. controls, P 5 0.02.

Table 2. HLA Associations of Peripheral Arthropathy in IBD

HLA type

Type 1
arthropathy

(n 5 57)

Type 2
arthropathy

(n 5 45)
Controls

(n 5 603)

IBD
controls
(n 5 92)

Number % Number % Number % Number %

HLA-B*27 15 26i 2 4 40 7a 5 5e

HLA-B*35 19 33j 3 7 90 15b 13 14f

HLA-B*44 7 12 28 62k 186 31d 10 11h

HLA-DRB1*
0103 20 35l 0 0 20 3c 4 4g

Type 1 vs. controls: aP , 0.0001; RR, 4.0; bP 5 0.01; RR, 2.2; cP ,

0.0001; RR, 12.1.
Type 2 vs. controls: dP 5 0.01; RR, 2.1.
Type 1 vs. IBD controls: eP 5 0.0004; RR, 4.8; fP 5 0.008; RR, 2.4;
gP , 0.0001; RR, 8.1.
Type 2 vs. IBD controls: hP , 0.0001; RR, 5.7.
Type 1 vs. type 2: iP 5 0.003; RR, 5.9; jP 5 0.001; RR, 5.0; kP ,

0.0001; RR, 5.1; lP , 0.0001; RR, incalculable.
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to ReA suggest that the identified associations may be of
pathogenic importance.

The class I associations of type 1 IBD arthropathy and
ReA are very similar. Previous studies of ReA have also
shown associations with HLA-B*2712–14 and the B*35
cross-reactive group of antigens16; therefore, classification
of type 1 PeA with the spondyloarthropathies seems
justified.

This study also shows strong associations between
HLA class II and type 1 IBD PeA, especially with HLA
DRB1*0103, an uncommon subtype of DR1.
DRB1*0103 is also increased in patients with postenteric
ReA, but DRB1*0101 was also increased in these
patients and in the IBD-AS group. This association was
not seen in type 1 IBD PeA.

Idiopathic ankylosing spondylitis has been associated
with DR1 in a previous study, but this was largely
attributed to linkage disequilibrium with HLA-B*27.17

Because of the linkage disequilibrium between HLA-
B*27 and DRB1*0101, it is difficult to assess the relative
importance of the class I and class II associations in the
current study. However, in peripheral disease (type 1 IBD
PeA and ReA), the DRB1*0103 association was clearly
independent of HLA-B*27. This may have important
implications for the interpretation of the HLA associa-
tions in acute peripheral joint disease of the spondyloar-
thropathies: HLA-B*27 may primarily be a determinant
of axial disease, in which it is the most potent genetic
trigger of axial inflammation. However, other class I
molecules may be able to initiate disease in the presence
of other susceptibility factors such as intestinal inflamma-
tion or increased permeability, allowing increased antigen
presentation to the intestinal immune system. This
would be consistent with the findings of Mielants et al.18

that pure axial ankylosing spondylitis is not associated
with intestinal inflammation, whereas in the spondyloar-
thropathies, generally 68% of patients were found to have
evidence of intestinal inflammation.19 It would also be
consistent with the general observation that the HLA-
B*27 association in ankylosing spondylitis is weaker in
patients with coexisting IBD than in idiopathic ankylos-
ing spondylitis.

In contrast with axial disease, the acute peripheral
arthritis seen in type 1 IBD PeA and ReA may primarily
be determined by class II HLA alleles, and the structur-
ally similar HLA-DRB1*0103 and -DRB1*0101 may be
the most effective initiators of disease. For the disease to
progress, there has to be active intestinal inflammation
that is associated with the induction of HLA-DR in the
colon20 and up-regulation of HLA-DR expression in the
ileum.21 This would be consistent with the finding that
the majority of proliferative lymphocyte responses to

triggering bacteria in the synovium of ReA patients are
HLA-DR restricted,22 and also with the recurrence of
joint disease that may occur in IBD when there is an acute
relapse of gut disease.11

It has previously been shown that up to 40% of
patients with ReA develop chronic problems, including
axial disease.23 Nearly all of these patients are HLA-B*27
positive. Longitudinal studies of type 1 IBD PeA are now
required to show whether the B*27-positive patients
show a predisposition to the development of axial disease.

Type 2 arthropathy is not associated with HLA-B*27
or class II alleles, and its immunogenetic characteristics
suggest an etiology distinct from the other seronegative
spondyloarthropathies. It has been suggested that HLA-
B*44, which is associated with type 2 arthropathy, may
form part of an extended haplotype with DR4 in
rheumatoid arthritis (particularly in association with
Felty’s syndrome).24,25 However, in our patients, the
prevalence of DR4 in type 2 arthropathy was only 28%,
which is similar to the normal population (35%). This, in
conjunction with the nonerosive and seronegative nature
of the condition, would suggest that the primary associa-
tion is with HLA-B*44 and that the pathogenesis is
distinct from the seropositive rheumatoid diseases as well
as the seronegative spondyloarthropathies.

This study strongly supports the concept of 2 immuno-
genetically distinct forms of PeA in IBD and that HLA
genes are important determinants of these phenotypes.
Furthermore, it shows for the first time strong HLA class
II associations in both type 1 IBD PeA and other
spondyloarthropathies. Further studies are now required
to extend these results to other patient populations. For
type 1 PeA and ReA, long-term prospective studies will
be required to elucidate the role of DR1 subtypes in
determining clinical features such as axial involvement
and intestinal inflammation.
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