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Abstract. - Background and Objective:
Spondyloarthritis (SpA) is a well recognized
extraintestinal manifestation of Inflammatory
Bowel Diseases (IBDs), either Crohn’s Dis-
ease(CD) or Ulcerative Colitis (UC). A much
larger percentage of SpA patients have sub-
clinical gut inflammation manifested either by
endoscopic findings or by histology. The aim
of the present article is to review clinical and
experimental evidences regarding the immuno-
logical and genetic links between gut and joint
inflammation in IBDs and SpA.

Evidence and Information Sources: A
systematic review using PubMed database en-
tering IBD and SpA as key words was per-
formed.

State of the Art: The association with HLA-
B27 is less strong in IBD-associated SpA than
in Idiopathic Ankylosing Spondylitis (AS) and
there is some evidence for an association be-
tween gut inflammation in SpA and CD related
CARD15 mutations. A common inflammatory
pathogenic pathway has been suggested in gut
and joint inflammation in IBD. Treatment of SpA
associated with IBD has gained major advances
in recent years with the advent of anti-TNF-a
therapy.

Perspectives: The adaptive immune re-
sponse in IBD is thought to be strictly differen-
tiated between Th1 and Th2 in CD and UC re-
spectively. Recent findings, however, suggest
that novel effector pathways could drive tissue
damage. The most important pathway now
emerging is the IL-23/IL-17 axis.

Conclusions: Present and future advance-
ments of knowledge on mechanisms of inflam-
mation will likely lead to new therapeutic tar-
gets.
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Introduction

The etiology of Inflammatory Bowel Diseases
[(IBDs: Crohn’s disease (CD) and Ulcerative Col-
itis (UC)] is still largely unknown. Their patho-
genesis seems to be the result of a combination of
environmental, genetic and immunological factors
which lead to inflammation of the gut mucosa in
genetically predisposed individuals'. IBDs are
widely believed to originate from a dysregulated
immune response to enteric bacteria’>. IBDs can
often produce extraintestinal manifestations such
as arthritis, iritis, skin disease (e.g., erythema no-
dosum), vasculitis and haemolytic anaemia®.
These manifestations seem to be more frequent
when the colon is involved rather than when the
inflammation is limited to the small bowel®#.
Furthermore, the observation that extraintestinal
symptoms generally improve or disappear when
the gastrointestinal disease is effectively treated
suggests that there is a causal association be-
tween gut inflammation and extraintestinal
phenomena®. The underlying mechanisms by
which this occurs are not fully understood and
this will be the topic of this paper. We will fo-
cus mainly on the relationship between gut in-
flammation and joint involvement in order to
clarify the immune linkages between IBDs dis-
ease and spondyloarthropathies.

IBDs Pathophysiology

IBDs develop in a complex environment such
as intestinal mucosa: this latter in fact constitutes
an immunologic system in which both immune
tolerance and defense against harmful organisms
usually occur®. This mucosal immune system is
crucial for host defense and it is continuously ex-
posed to large amounts of exogenous and en-
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dogenous antigens®. This phenomenon is respon-
sible for the activation of the immune response in
the intestinal mucosa and it is often able to act as
a trigger for cytokine production and eventually
for the occurrence of inflammation and tissue
damage’.

Several mechanisms have been identified as
possible explanations of the pathologic processes
involved in IBD. Dysfunctions of the intestinal
immune system and cross-reactivity against host
epithelial cells play a major role as mechanisms
by which inflammation takes place. In addition
to immune cells, there are many mediators in-
volved in inflammation and tissue damage:
eicosanoids, biological amines, cytokines and
platelet-activating factor have been shown to in-
fluence the inflammatory process®. It is currently
accepted that dysregulation of the mucosal im-
mune system is a major factor contributing to the
IBD pathogenesis, which is the outcome of a
process involving three essential and interactive
factors such as host susceptibility, enteric mi-
croflora and mucosal immunity®. This means that
IBD is determined by genetic alterations that in
turn affect the function of the mucosal immune
system, leading it to overreact to normal intesti-
nal microflora’.

The role of cytokines in IBD pathophysiology
is not completely understood. However it seems
clear that the nature of the immune response and
the cytokine profile generated are under genetic
control and determine the features of the inflam-
matory process. There is general agreement that
CD is associated with type 1 helper T cell cy-
tokines such as TNF-o, IFN-vy, IL-12. The cy-
tokine profile of UC is less clear: there is prefer-
entially a Th2 response associated with cytokines
such as IL-15 and IL-10'. IL-10 seems to play a
crucial role in the balance of the mucosal im-
mune system, promoting physiological activation
and preventing the pathological inflammation
typical of IBDs''.

The pathophysiological concept for IBD is
now changing as a result of researches with the
description of a new immunological pathway, the
IL-23/IL-17 axis. IL-23 is produced by antigen-
presenting cells and is capable of promoting a
subset population of Th cells to produce IL-17
(Th17 cells)'?. Other studies show that the IL-
23/IL-17 axis may play a pivotal role in intestinal
inflammation'®. Moreover, elevated levels of ex-
pression of IL-23 and IL-17 have been demon-
strated in CD'. Furthermore, Duerr et al. report-
ed a significant association between CD and a

gene on chromosome 1p31 that encodes for a re-
ceptor for IL-23 highly expressed on memory T
cells®.

Joint Manifestations in IBDs: Clinical and
Epidemiologic Evidence

IBDs are associated with both peripheral and
axial arthropaties. They are usually classified in
the large group of spondyloarthropathies (SpA)
that includes several entities such as ankylosing
spondylitis (AS), psoriatic arthritis (PsA), undif-
ferentiated spondyloarthropathy (USpA) and re-
active arthritis (ReA). The association between
IBDs and arthropathy has been known for many
years. Early work demonstrated that 10 to 18%
of patients with classic IBDs develop sacroili-
itis'®. The occurrence of arthritis among IDB pa-
tients has been reported in different percentages
depending on the case series examined.

An interesting study by de Vlam et al'’ exam-
ined 103 patients with IBD in order to assess the
prevalence of joint involvement among these pa-
tients. All patients were questioned and examined
for SpA symptoms and underwent X-rays of the
sacroileal joints, and HLA genotyping was per-
formed. Patients previously diagnosed with SpA
were excluded. The Authors found that 39% of
these patients had clinically evident articular
manifestations, 30% complained of inflammatory
low back pain, 10% had synovitis and 7% had pe-
ripheral enthesopathy. Of these patients, 90% ful-
filled the diagnostic criteria for SpA, while the re-
maining 10% fulfilled the criteria for AS. A most
interesting result of the study is that 18% of the
patients had asymptomatic sacroiliitis that seemed
to be related to disease duration. In this series,
HLA-B27 conferred an additional risk for inflam-
matory low back pain in patients with IBD.

It had already been observed that IBD-associat-
ed sacroiliitis differs from idiopathic AS only in
that the prevalence of HLA-B27, while still high in
IBD-associated sacroiliitis, is significantly lower
than in idiopathic AS'. However, the association
with HLA-B27 in IBD-associated sacroiliitis
seems to be relevant. In a study by Russel et al'?, it
has been shown that more than 50% of subjects
who have B-27 and Crohn’s disease will develop
AS, while only 1 to 2% of normal subjects and
20% of first-degree relatives of a proband with AS
will develop the disease. The relationship between
arthritis in IBDs and genetic factors related to their
pathogenesis is the topic of several studies. We
will focus on this aspect below when discussing
the immunological basis of arthritic involvement.



Immunologic and genetic links between spondylarthropathies and inflammatory bowel diseases

The clinical classification currently adopted to
describe IBD-related arthritis was provided by
Orchard et al in 1998%. In their paper joint in-
volvement in IBDs was subdivided into three
patterns as follows:

Type I arthritis: peripheral, pauciarticular
arthritis that involves less than five joints. This
pattern usually precedes the onset of IBD and,
once established, it often parallels the activity
of gut inflammation®. It usually is self- limit-
ing and does not determine joint deformities,
involving first the knee and affecting 5% of
the patients with IBD*!.

Type II: peripheral non-symmetric polyarthritis
with five or more joints involved. Often the
arthritis affects the metacarpophalangeal
joints®'. About 3 to 4% of IBD patients have
this form of articular disease?'.

Type III: an SpA, sometimes with peripheral
joint involvement. Spondylitis occurs in 1 to
26% of patients with IBD*.

Type II and III usually do not reflect the activ-
ity of the underlying intestinal disease and rarely
precede the onset of IBD*°?2!.

Immune Linkages Between Gut and
Joint Inflammation: the Immunological
Basis of Joint Involvement in IBDs

Gut involvement is a prominent feature of all
SpA subgroups. In IBD the existence of a close
relationship between gut inflammation and joint
inflammation constitutes an intriguing issue. This
linkage can be examined from at least three dif-
ferent angles. First, it is possible to assess the
prevalence of intestinal inflammation in patients
diagnosed with an SpA, or to assess the preva-
lence of joint disease in patients already diag-
nosed with an IBD. Second, we can look for the
genetic factors underlying both diseases. Third,
we can focus on immunological aspects charac-
teristic of the disease process in the joint and gut
environments, respectively. The aim of this spec-
ulation is the answer to this question: how do the
joints talk with the gut?

The first level of evidence about the existence
of a gut-joint axis is the observation that, in pa-
tients with SpA, gut inflammation is a common
feature. This was widely demonstrated by ileo-
colonscopic studies that found a prevalence of
gut involvement in 25 to 75% of SpA patients,
with differences depending on the subtype. Also,
it was shown that, during the follow-up, 6% of

these patients developed manifest Crohn’s dis-
ease”. This finding was confirmed recently using
abdominal scintigraphy with labeled leucocytes:
the examination revealed intestinal signs of in-
flammation in 50% of patients*.

In order to explain the close relationship be-
tween gut and joint inflammation (Figure 1), two
major hypotheses have been proposed: (i) the
homing hypothesis, based on the possible aber-
rant localization of T cells (particularly CD8+ T
cells) in the synovium after priming in the gut,
and (ii) the altered trafficking of a particular sub-
set of macrophages, namely CD163+ cells,
which are able to present antigens and to activate
lymphocytes, and have a particular functional
profile, as showed in vitro by the production of
large amounts of TNF-o. and low levels of IL-10
after stimulation with LPS?.

Earlier research attempted to demonstrate a
causative role of certain bacterial species in gut
infections, such as Salmonella and Yersinia, and
related joint diseases. Some Authors hypothe-
sized that, after an initial gut infection, viable
bacterial organisms were able to reach the joint
compartment and here trigger synovial inflamma-
tion. Ultimately this theory was excluded, be-
cause little evidence supports the hypothesis of a
causal connection, although genetic materials
such as RNA or DNA have been isolated in the
synovial fluid in different rheumatic diseases, in-
cluding ReA and even rheumatoid arthritis>*.
Many studies highlight the difficulties in clinical
and aetiological interpretation of detection of bac-
terial DNA or other microbial materials in the
joint?’. Two other considerations argue against the
possibility that viable bacteria could have a direct
role in inducing joint inflammation: first, the lack
of evidence of living bacteria in the joints, and
second, the failure of prolonged antibiotic therapy
even in ReA?. By contrast, there is a large body
of evidence that bacterial antigens are detectable
in peripheral blood and in the synovial fluid in
patients with SpA. Therefore, it is crucial to un-
derstand how bacterial products reach the joint.
This is the starting point of the first of the two
major hypotheses mentioned above.

It is conceivable that T cells, reactive to bacteri-
al antigens, home into the synovium and, after re-
activation, induce joint inflammation. Several ob-
servations support this hypothesis. First, evidence
in studies comparing the histological features of
different joint diseases demonstrates that the in-
flammatory infiltrate in the synovium and the en-
thesis of SpA patients is rich in CD8+ T cells***.
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Figure 1. An overview of the pathogenesis of IBD-related arthritis.

Second, the functional analysis of T cells in-
filtrating the gut, circulating in the peripheral
blood and infiltrating the synovium shows an
identical cytokine profile with an impaired pro-
duction of Thl cytokines such as IFN-y, IL-2
and TNF-a, as seen in gut mucosa of CD and
SpA patients®' 2. This finding was demonstrated
in an interesting study by Van Damme et al*! in
which a functional analysis of gut lymphocytes
of SpA patients was performed. The impaired
Thl profile was also seen in non-inflamed gut
mucosa, suggesting the possibility of pre-histo-
logical immune alterations in the gut®'. A con-
vincing argument is that this aberrant cytokine
profile could be modified by means of biological
drugs targeting TNF-a as shown in vitro by
Baeten et al*® and by the efficacy these drugs
demonstrated in the treatment of SpA34.

The third observation has to do with the ability
of gut-derived lymphocytes to home into the syn-
ovium using multiple homing receptors®

Among these cell adhesion molecules, B7 inte-
grins are important for T cell homing both in CD
and in SpA. It has been illustrated that T cells de-
rived from the gut express abnormal levels of
oEB7 integrin and its ligand E-cadherin is ex-
pressed by gut mucosa both in CD and SpA, con-
firming the presence of similar immune alter-
ations in these two diseases’.

It remains to be explained how these cells cre-
ate an inflammation-prone environment after
homing into the synovium. A possible mechanism
is that T cells reactivate in the synovium because
of antigen presentation via the class I MHC mole-
cules. Indeed, it has been proposed that HLA-
B27 is involved in both priming and reactivation
of cytotoxic CD8+ T lymphocytes by presenting
either specific bacterial peptides or arthritogenic
self-peptides cross reacting with bacterial anti-
gens*’. CD4+ T cells are also involved in this
process; it is not clear, however, which mecha-
nisms activate these cells. CD4+ T cell reactivity
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appears to be not only directed at bacterial anti-
gens but also at HLA-B27 itself, particularly if
factors such as infections influence the expression
of abnormal forms of the molecule?.

An important observation derives from histol-
ogy studies in human SpA that show that profes-
sional antigen-presenting cells expressing Class
II MHC and co-stimulatory molecules are de-
tectable in gut mucosa but not in the synovi-
um?®¥, According to this observation, it is con-
ceivable that the priming of naive CD4+ T cells
occurs in SpA at a distant site like gut mucosa or
lymph nodes and not in joint tissue. The question
remains, however, as to which trigger is respon-
sible for T cell activation in the synovium. Per-
haps, the development of arthritis requires a local
stimulus provided by bacterial antigens present
in the synovial fluid, or host antigens cross-react-
ing with bacterial ones, or by HLA-B27 itself.
The reactivation of memory T cells in the syn-
ovial membrane appears to be related to the pres-
ence in the synovium of a particular population
of macrophages, carrying the scavenger receptor
CD163. These cells, which express high levels of
HLA-DR molecules, work as antigen-presenting
cells first; yet they have a particular cytokine
profile and are able to produce large amounts of
TNF-o and low levels of 1L-10 when stimulated
with LPS?. This finding is very convincing be-
cause it fits in to the concept that alterations in
the innate immune system are crucial in deter-
mining susceptibility to an uncontrolled inflam-
mation, such as occurs in IBDs and SpA. The
concept that the innate immune system is crucial
in maintaining the homeostasis of the gut envi-
ronment is strongly suggested by experimental
models such as IL-10 deficient mice*. These ani-
mals are highly prone to developing colitis and,
more interestingly, demonstrate significant alter-
ations in the species and levels of bacteria colo-
nizing the colon. They also show an impaired
cellular immune response to bacteria®.

The Link Between Genetic Factors and
Joint Inflammation

The discovery of CARDI1S5 led to the first as-
sociation between CD and a susceptibility gene.
This gene encodes for an intracellular protein
which acts as a receptor for bacterial cell wall
components, such as muramylpeptides derived
from peptidoglycan and lipopolysaccahride, re-
sulting in the activation of nuclear factor K-B**3.
Three independent single nucleotide polymor-
phisms (SNPs) have been associated with CD.

These polymorphisms increase the risk of CD
three-fold for eterozygotes and 40-fold for ho-
mozygotes or compound-eterozygotes, and are
associated with the disease in 30 to 46% of pa-
tients*'. There is no consensus on the association
with phenotypic characteristics of CD but several
independent studies have suggested the associa-
tion of CARD15 variants with four factors: ileal
disease, fibrostenosing disease, familial predispo-
sition to CD and early age at onset*“6. In 2004,
Peeters et al. demonstrated a connection between
CARDI15 and CD and sacroiliitis*’. Prior to this
study, no associations had been proved between
CARDI1S5 variants and extraintestinal manifesta-
tions of CD. Previous research by Van der Paardt
et al*® had found no association between
CARDI1S5 and idiopathic AS and concluded that
future work should focus on determining whether
there is an association between CARDI15 and the
subgroup of patients with CD and AS, which
Peeters et al*’ took up in their cross-sectional
clinical and radiological study into the possible
association between CARDI15 and the presence
of radiological sacroiliitis, a main characteristic
of spondylitis and the most frequent rheumatic
manifestation of CD. They studied 102 consecu-
tive CD patients over 13 months, with a control
group of 54 patients without CD. They took radi-
ographs of the sacroiliac joints, scoring using the
New York grading system, and they genotyped
all the patients for CARDIS5 variants. Radiologi-
cal sacroiliitis was found in 23 CD patients; 9 of
these patients fulfilled the criteria for AS; of the
remaining 14 patients, 11 were clinically asymp-
tomatic. CARD 15 polymorphisms were signifi-
cantly higher in CD patients than in the control
group (54.9% v 15%, p<0.001). 68% of the pa-
tients with radiological sacroiliitis carried at least
one CARDIS5 variant, whereas the frequency in
CD patients without radiological sacroiliitis was
48%. Seven of nine patients with AS carried a
CARDI15 variant. The study found no significant
association between the presence of CARDI15
and peripheral arthritis or enthesopathy. In rela-
tion to HLA-B27 status, the overall frequency of
this haplotype in CD patients was 6%, but it rose
to 13% in patients with sacroiliitis. CARD15
variants were found to be the only significant
predictor of sacroiliitis (p=0.039), independent of
HLA-B27, ileal involvement, need for resective
small bowel surgery, familial CD or age of onset.
The authors concluded that CARDI15 variants
could be considered a possible genetic predictor
of sacroiliitis in CD.
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In 2005, the same group*’ studied whether
polymorphisms in the CARD15 gene could be
associated with the presence of preclinical in-
testinal inflammation in spondyloarthropathies.
Three groups were examined: 104 patients with
SpA (subdivided into two groups, AS and Un-
SpA), 156 patients with CD and a control group
of 140 patients. All the patients with SpA under-
went ileocolonoscopy with multiple biopsies.
The histological findings were subdivided into
three types of involvement: normal, acute or
chronic, according to previous studies. Chronic
inflammation was found in 40 patients (38%).
The prevalence of CARD15 in the total SpA pop-
ulation was 20%, with no statistically significant
difference versus the control group (17%);
whereas, in the CD group, the incidence of
CARDI15 variants was 49%, which was statisti-
cally significant with respect to the control
group. Among the SpA patients with chronic gut
inflammation, the carrier frequency of CARDI15
variants was 38% (15 out of 40 patients). This
frequency was significantly higher than that of
the control group population (p=0.006), but not
statistically different from that of the CD group.
The study concluded that CARD1S5 is correlated
with the presence of chronic gut inflammation in
patients with SpA, and in fact identifies a sub-
group of these patients. Chronic gut inflamma-
tion in most patients with spondyloarthropathy
remains asymptomatic, and the Authors suggest-
ed that the presence of CARDI15 variants could
be linked to the development of this alteration
rather than to CD itself.

Recently Peeters et al published new results™
which do not confirm an association of CARD15
variants with the presence of sacroiliitis. The
study included 251 patients with CD, all of
whom underwent radiographs of the sacroiliac
joints, and 233 of whom were genotyped for
CARDI15 variants. The prevalence of radiograph-
ic sacroiliitis was 27%. The Authors measured
the association of sacroiliitis with CARDI15
genotype and clinical features, but found no as-
sociation between sacroiliitis and CARD15
genotype, age, age at onset of CD, gender, smok-
ing history, disease duration, familial history,
ileal or colonic involvement, upper-GI involve-
ment, history of ileal resection or history of fistu-
las. They did find a significantly high prevalence
of peripheral arthritis and uveitis among patients
with sacroiliitis. This finding was confirmed by
multivariate analyses. The Authors commented
that these results conflict with their own previous

[ 6]

observations and suggest that this may reflect the
poor reproducibility in genetic association stud-
ies of complex multigenic diseases®' 2.

Another genetic association that has been
studied is that of polymorphisms of IL-23R and
CD. As described by Duerr et al'>, IL-23R poly-
morphisms have been implicated in conferring
protection to ileal CD. Rahman et al** examined
796 AS patients (with a control group of 742 pa-
tients) and established a connection between IL-
23R polymorphisms and AS. The report suggest-
ed that the IL-23 pathway could be a possible
target for treatment of AS. There are no data con-
cerning a possible association between IL-23R
polymorphisms and extraintestinal manifesta-
tions of CD.

Conclusions

Arthritis is the most common extraintestinal
manifestation of IBD and its pathogenesis is im-
munologically mediated. CD and UC are chronic
inflammatory diseases occurring in the gut of ge-
netically susceptible individuals independently of
a specific pathogen. The interaction between
antigen-presenting cells and the local bacterial
flora contributes to an uncontrolled activation of
mucosal CD4+ T lymphocytes with the follow-
ing release of pro-inflammatory cytokines. Anti-
TNF-a therapy has profoundly changed the man-
agement of refractory SpA and of refractory lu-
minal and fistulizing CD as TNF-a plays a cen-
tral role in the pathogenesis of both SpA and mu-
cosal inflammation in CD, driving enhanced pro-
duction of cytokines, chemokines and proteolytic
enzymes.

The efficacy in CD provided the rationale for
the use of anti-TNFa drugs in patients with UC,
a disorder in which TNF-a is expressed at high
levels in the colonic mucosa, is produced by
colonic lamina propria mononuclear cells and is
found in elevated concentrations in stools, rectal
dialysates, and urine>*,

However, a subset of SpA and IBD patients
does not respond to anti-TNF-o therapy. There-
fore, cytokines or factors other than TNF-«
may also participate in the pro-inflammatory
cytokine cascade. Recent findings®® show that
the IL-23/IL-17 axis may play a pivotal role in
intestinal inflammation and IL-23 is suggested
to have a key role in the pathogenesis of chron-
ic arthritis, dependent on the promotion and
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proliferation of IL-17-producing Th17 T-cells.
Other strategies aimed to block the immune-
mediated inflammatory processes in patients
with IBD and arthritis must be developed ac-
cording to the identification of other cytokines
and intracellular signaling pathways involved
in pro-inflammatory responses. In this setting,
future possible target for IBD’s therapy could
be the IL-23/IL-17 axis.

However, further investigations are necessary
to assess the possibility of categorizing patients
for an individualized therapeutic approach. It is
clear that there is a subgroup of SpA patients
who do not respond to the standard anti-TNF-o
therapy. Future work has to answer the question
whether these patients could have benefit from a
therapy targeting other inflammatory mediators
such as IL-23.
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