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REVIEW

Small intestinal mucosal protection mechanisms and
their importance in rheumatology

Seamus O'Mahony, Anne Ferguson

Disturbances in intestinal immunity and other
protective mechanisms may have a pivotal role
in the cause of certain inflammatory joint
diseases. The association between inflammatory
bowel disease and arthritis is well established,'
as is the association between intestinal infection
with organisms such as yersinia and a reactive
seronegative arthritis. Whipple's disease and
jejunoileal bypass surgery2 may result in a
spondylitis or a reactive arthropathy. These well
established associations have prompted research
into the relation between disturbances in small
intestinal function and inflammatory joint
diseases. For example, many patients with
ankylosing spondylitis have inflammatory
lesions of the terminal ileum,3 and much specu-
lation has centred on the putative association
between this condition and intestinal carriage of
Klebsiellapneumoniae.' Patients with rheumatoid
arthritis and ankylosing spondylitis may have
disturbances of small intestinal mucosal per-
meability, independent of the effect of non-
steroidal anti-inflammatory drugs (NSAIDs).5
Treatment of inflammatory joint diseases may
adversely effect the small intestine. Much
interest has focused on the effects of NSAIDs
on the small intestine, in particular, their effects
on small intestinal mucosal permeability.6
Bjarnason et al have shown that these agents
produce inflammatory changes of the small
intestine in a significant percentage of patients.7
The notion of an intestinal cause of inflam-

matory joint diseases is not new. In the 1920s
colectomies were performed as a therapeutic
measure in patients with rheumatoid arthritis,
and Svartz (who first described the treatment of
rheumatoid arthritis with sulphasalazine)
proposed an enteric cause of this condition in
the 1940s.8
The first part of this review is concerned with

immune defences of the small intestine and
disturbance of these defences in rheumatic
conditions; the second part deals with the
intestinal epithelial barrier, mucosal per-
meability ofthe small intestine, and disturbances
of intestinal permeability in rheumatic con-
ditions.

Intestinal immunity and inflammatory joint
disease
The mucosal surfaces of the body, such as those
of the gastrointestinal and respiratory tracts,
provide effective barriers to the entry of poten-
tially harmful substances and infectious agents.

Immune and non-immune mechanisms operate
to prevent colonisation and invasion by the vast
array of potential pathogens to which the
secretory mucosae are constantly exposed. In
the gastrointestinal tract non-immune mechan-
isms of defence include gastric acid, normal
bowel flora, intraluminal proteases, and goblet
cell mucus. Intestinal epithelial cells efficiently
exclude macromolecules while allowing absorp-
tion of nutrients, water, and electrolytes. The
most important agents of the immune mechan-
isms are the secretory immunoglobulins and
antibodies found in the external secretions
bathing mucosal surfaces. These antibodies
inhibit bacterial adherence, neutralise viruses
and toxins, and prevent the absorption of
potentially harmful antigens.

PHYSIOLOGY OF INTESTINAL HUMORAL IMMUNITY
The intestine is the most important immuno-
globulin and antibody forming organ of the
human body. There are about 1010 immuno-
globulin producing immunocytes per metre of
small intestine, 70-90% of which produce IgA
only.9 Intestinal immunocytes produce mainly
secretory IgA, a dimer linked by a polypeptide
called the 'joining' or J chain.'0 (Serum IgA is
mainly monomeric.) The IgA is transported
through the glandular epithelium by a receptor
produced by the epithelium called secretory
component. " Secretory component interacts
with a specific binding site on the Fc region of
the IgA molecule to stabilise its quaternary
structure, thus increasing its resistance to
proteolytic degradation.'2 It has been estimated
that the amount of secretory IgA secreted into
one metre of small intestine is 0-8 g/day.'3
The functional properties of secretory IgA

reflect its antigen binding properties. Secretory
IgA protects against a variety of foreign antigens,
including food antigens, bacteria, viruses, and
toxins. It can neutralise viruses and toxins and
prevent the adherence of bacterial pathogens to
epithelial surfaces.'4 The effectiveness of secre-
tory IgA as a neutralising antibody against
viruses is shown by the responses to the Sabin
oral live poliovirus vaccine where protection
correlates with concentrations of secretory anti-
body. '5 Secretory IgA has four antigen binding
sites, allowing it to function effectively as an
agglutinin. Unlike IgM and IgG, however,
secretory IgA lacks potent effector functions
such as classical complement activation,'6 and
thus is not efficient in killing micro-organisms.

Gastrointestinal Unit,
Western General
Hospital and University
of Edinburgh,
Crewe Road,
Edinburgh EH4 2XU
S O'Mahony
A Ferguson
Correspondence to:
Dr O'Mahony.

331



O'Mahony, Ferguson

This lack of complement activation may serve a
protective function: the vulnerable gut mucosa
normally shows no inflammation and virtually
no IgG response despite the influx of small
amounts of intact dietary antigens following
meals.'7 Antigen uptake is, however, markedly
increased in intestinal inflammation and after
disruption of the epithelial barrier by NSAID
induced damage.'8

Induction of the secretory immune response
is dependent on the source of antigen: whereas
an orally encountered antigen stimulates a
prompt and longlasting mucosal immune
response, parenteral immunisation does not
generally induce a secretory IgA response. 9
Peyer's patches and intestinal lymphoid follicles
have a central role in the uptake and processing
of orally encountered antigens before initiating
an immune response. Peyer's patches have a
specialised epithelium that facilitates uptake
and presentation of luminal antigens.20 The
epithelium contains the specialised M cells
(membranous or microfold); these cells take up
luminal antigens by endocytosis and transport
them to adjacent macrophages and lymphocytes,
which are enveloped by M cell cytoplasm.
M cells transport a variety of luminal macro-
molecules, as well as intact viruses, bacteria,
and parasites.2' Antigens are processed and
presented to T helper cells by macrophages and
dendritic cells. IgA lymphoblasts are induced
by regulatory T cells, including T cells specific
for IgA, and 'switch' cells, which change B
lymphocytes from IgM to IgA production.
After stimulation with antigen within the
Peyer's patches22 lymphoblasts migrate to the
draining mesenteric lymph nodes and then
through the thoracic duct to the general circu-
lation before returning to the mucosal surfaces.
During migration lymphocytes undergo further
clonal expansion and differentiation before
migrating back to the intestinal lamina propria
and other mucosal sites, such as the lachrymal,
salivary, and mammary glands. The fact that
antigenic priming at gut level gives rise to a
secretory immune response not only in the gut,
but also in other mucosal surfaces, forms the
basis of the concept of the 'common mucosal
immune system'.23 For example, oral immunis-
ation with cholera vaccine gives rise to a specific
secretory IgA not only in the gut, but also in the
mammary, lachrymal, and salivary glands.24

POSSIBLE INTESTINAL IMMUNOPATHOGENIC
MECHANISMS IN THE CAUSE OF INFLAMMATORY
ARTHRITIDES
Defects in the intestinal mucosal barrier or
failure of immune exclusion may lead to in-
creased absorption of potentially toxic luminal
antigens. Covalent complexes of peptidoglycan
and polysaccharide, the primary structural com-
ponent of bacterial cell walls, have been shown
to induce inflammatory arthritis in laboratory
animals after local or systemic injection.25 High
concentrations of serum IgA antibody to pepti-
doglycan have been reported in experimental
small bowel bacterial overgrowth,26 and in
patients with inflammatory bowel disease
(particularly in those patients with extra-

intestinal manifestations, such as arthritis).27
Patients with rheumatoid arthritis and ankylos-
ing spondylitis also have increased concentra-
tions of serum IgA antibodies to peptido-
glycan,28 suggesting increased absorption of
bacterial polymers across the intestinal mucosa,
resulting in an IgA immune response. Peptido-
glycan has been shown to have several pro-
inflammatory effects, such as the activation of
macrophages to become cytotoxic and release
interleukin-1, complement activation, and
stimulation of B lymphocytes.25 These several
observations support the hypothesis that bac-
terial cell wall polymers, derived both from
commensal organisms and pathogenic agents,
may initiate inflammatory arthritis.
These bacterial products must, however,

cross the mucosal barrier before initiating the
immunopathogenic events described above. Is
there any evidence of primary intestinal inflam-
mation in patients with inflammatory arthritis?
We have seen that the normal intestinal mucosa
usually shows virtually no IgG response, and
numbers of intestinal immunocytes secreting
IgG are sparse compared with those secreting
IgA. It is well reported that patients with
inflammatory bowel disease have a dispropor-
tionate increase in the number of intestinal
plasma cells secreting IgG,29 and it has been
proposed that such cells may have a central role
in the inflammatory process by initiating
complement activation.30 Much interest has
focused on immunocytes in patients with in-
flammatory arthritis. Patients with ankylosing
spondylitis have increased numbers of rectal
cells producing IgG,3' and elegant ileocolono-
scopic studies have shown inflammatory ileo-
caecal lesions in most of these patients.3 These
findings were independent of NSAID intake,
and these lesions were rare in patients with
rheumatoid arthritis. Conversely, Bjarnason et
al, using radiolabelled leucocyte scans, reported
that two thirds of patients with rheumatoid
arthritis had ileocaecal inflammation, and that
these changes occurred only in patients treated
with NSAIDs.7 Segal et al, however, reported
that abnormal leucocyte scans in patients with
rheumatoid arthritis were independent of
NSAID intake.32
Are these intestinal inflammatory lesions in

arthritic patients of any significance? Rooney et
al reported a patient with rheumatoid arthritis
with a positive leucocyte scan, who on endo-
scopic examination had no evidence of inflam-
mation.33 We have investigated this question in
patients with ankylosing spondylitis. We
measured concentrations of various proteins in
gut lavage fluid (IgG and albumin); concentra-
tions of these proteins reflect disease activity in
inflammatory bowel disease (unpublished data).
We found no significant increase in concentra-
tions of these gut lavage proteins in a group of
14 patients with ankylosing spondylitis (un-
published observations).
The reported intestinal inflammatory changes

may be subclinical, but may be intimately
involved in the immunopathogenic process, by
allowing ingress ofpathogenic bacterial polymers
to the intestinal lamina propria. Sulphasalazine
is a vital part of the jigsaw: this agent is an
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effective second line treatment for rheumatoid
arthritis; possibly its effects are mainly local,
acting to diminish intestinal inflammation and
altered mucosal permeability. Indeed, Bjarnason
et al reported that sulphasalazine significantly
decreased small intestinal inflammation in
patients with rheumatoid arthritis.' Curiously,
there was no correlation between the effects of
sulphasalazine on the intestine and the joints.
The question of intestinal inflammation in
inflammatory arthritis thus remains to be
resolved.

ALTERATIONS OF MUCOSAL IMMUNITY IN
PATIENTS WITH ARTHRITIS
Unfortunately, much work in this area has
tended to concentrate on serum studies; mucosal
immunity is to a great extent independent of
systemic immunity, and findings based on
serum studies cannot always be extrapolated to
represent events at the mucosal level.

Ankylosing spondylitis Patients with ankylos-
ing spondylitis have increased concentrations of
serum IgA,3 though it is still not entirely clear
whether these increased concentrations corre-
late with disease activity.36 The putative
association between Klebsiella pneumoniae and
this condition has received much attention: it
has been proposed that antibodies to this
organism cross react with the HLA-B27 histo-
compatibility antigen.4 Patients with active
disease have increased rates of faecal carriage of
klebsiella organisms,37 and several studies have
reported high concentrations of serum IgA
antibody to klebsiella in patients with ankylos-
ing spondylitis38 39; this suggests that an
abnormal intestinal immune response to this
organism triggers off the condition in genetically
susceptible subjects. Other studies, however,
failed to report high concentrations of serum
IgA antibody to Hdebsiella,40 41 and it is not
clear whether this immune response is specific
to ankylosing spondylitis. Cooper et al, for
instance, found high concentrations of IgA anti-
klebsiella antibody not only in patients with
ankylosing spondylitis but also in those with
rheumatoid arthritis and inflammatory bowel
disease.42 Despite the numerous studies on
serum IgA anti-klebsiella antibodies, research
into the intestinal immune response has been
conspicuously absent. With this in mind we
examined the intestinal immune response to
Klebsiella pneumoniae in ankylosing spondylitis
and in inflammatory bowel disease.43 We found
high concentrations of serum IgA antibody in
patients with ankylosing spondylitis (which
correlated with the erythrocyte sedimentation
rate), but also in patients with inflammatory
bowel disease. Intestinal antibody concentrations
were similar to those of controls in the patients
with ankylosing spondylitis, but markedly
raised in the patients with inflammatory bowel
disease. It is likely that the mucosal immune
response in inflammatory bowel disease is non-
specific, representing ingress to the lamina
propria of bacterial antigens across the inflamed
mucosa. The ankylosing spondylitis/klebsiella
controversy is set to continue.
Rheumatoid arthritis Patients with rheuma-

toid arthritis also have increased concentrations
of circulating IgA, and IgA immune complexes
correlate with disease activity." IgA rheuma-
toid factor is predominantly polymeric IgA15
and possibly intestinal in origin, as inflamed
intestinal mucosa produces increased amounts
of IgAl.' Studies of IgA in rheumatoid
arthritis, however, have tended to be speculative
and based on serum findings.
Reie's syndromelreactive arthritis In these

seronegative inflammatory conditions an
intestinal or urethral infection (usually in an
HLA-B27 positive subject) can lead to an
arthritis, suggesting a primary role for the
mucosal immune system in the pathogenesis of
joint inflammation. Patients with Reiter's syn-
drome have high concentrations of serum IgA,47
but this seems to be a common finding in all
forms of inflammatory arthritis. Granfors and
Toivanen have presented more convincing evi-
dence of an abnormal immune response in
patients with reactive arthritis following yersinia
infection.48 Compared with patients with un-
complicated yersinia infection, those with re-
active arthritis have high concentrations of
serum IgA antibody to this organism; further-
more, the IgA contains secretory component
and is predominantly IgA2, suggesting an intes-
tinal origin. Eastmond et al,49 however, found
no significant IgA response in patients with
reactive arthritis following salmonella infection.

It seems that little new light will be shed on
the alterations in intestinal immunity in inflam-
matory arthritis by serum studies. As seen
above in our study of intestinal humoral
immunity in ankylosing spondylitis, serum
antibody response does not always reflect
mucosal immunity. Investigators must turn to
direct investigation of the intestine if the many
questions are to be answered.

Intestinal epithelial barrier, mucosal
permeability, prostaglandins, and NSAIDs
The small intestine acts as a selective barrier to
material in the gut lumen, allowing absorption
of essential nutrients and excluding the rest. If
the intestinal mucosa is 'leaky' then potentially
antigenic material could gain access to the
intestinal lamina propria and the systemic circu-
lation. Possibly, an immune response is thus
generated, which may lead to diseases such as
inflammatory arthritis. The hypothesis that
abnormal intestinal permeability is a primary
event in the pathogenesis of inflammatory
arthritis has proved attractive and has stimu-
lated much research.

MEASUREMENT OF INTESTINAL PERMEABILITY
Intestinal absorption takes place through both
active and passive transport mechanisms; pas-
sive absorption takes place through transcellular
or paracellular routes. In general, small mole-
cules (such as water) are freely permeable and
large molecules (such as dextran) have a low rate
of permeability. Medium sized molecules have
an intermediate rate of mucosal penetration,
and it is these substances which are generally
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used as probe molecules for the measurement of
intestinal permeability. There is an inverse
correlation between molecular diameter and
permeability. Several factors govern the selec-
tion of probe molecules to demonstrate changes
in intestinal permeability. Molecules soluble in
lipids are less suitable than molecules absorbed
by passive diffusion. Probe molecules must be
non-toxic, not metabolised after absorption,
and urinary or plasma concentrations must be
easily assayed. Three classes of probe molecules
have been used: polyethylene glycols, sugars,

and radiolabelled 5"Cr-EDTA. Details of these
methods are beyond the scope of this review and
have been well reviewed elsewhere.5 50

INTESTINAL PERMEABILITY IN RHEUMATIC
DISEASES
Research in this area has been bedevilled by the
fact that NSAIDs alter intestinal permeability,
and as many patients with inflammatory arthri-
tides are receiving long term treatment with
these agents it is difficult to determine whether
reported changes in intestinal permeability are a

primary phenomenon in some rheumatic
diseases or merely a secondary effect of
NSAIDs.
Rhewnatoid arthritis Bjarnason et al reported

increased intestinal permeability in rheumatoid
arthritis using the 51Cr-EDTA test6; unfortu-
nately, it was not possible to determine whether
this was due to NSAID treatment or not.
Studies using differential sugar absorption tests
have been beset by similar difficulties. In
general, it is felt that the observed increase in
intestinal permeability is almost certainly due to
NSAIDs. We used the cellobiose/mannitol test
as a measure of intestinal permeability in a

group of 18 patients with seropositive rheuma-
toid arthritis; six patients were not using
NSAIDs, and intestinal permeability was

normal in all six. About half of the patients
taking NSAIDs had abnormal urinary cello-
biose/mannitol ratios (unpublished data).

Ankylosing spondylitis Smith et aP' found
increased polyethylene glycol 400 permeability
in a group of patients with ankylosing spondy-
litis, which was independent of NSAID use.

With the cellobiose/mannitol test, we showed
increased permeability in two patients not
taking NSAIDs (unpublished observations).
Altered intestinal permeability in ankylosing
spondylitis may reflect the subclinical ileal
inflammatory changes which have been reported
in this condition. Indeed, small intestinal
Crohn's disease commonly causes increased
intestinal permeability.52

In summary, therefore, it seems that altered
intestinal permeability in rheumatoid arthritis is
secondary to NSAID intake, whereas there is
convincing evidence that patients with ankylos-
ing spondylitis have altered permeability de
novo.

NSAIDs AND THE SMALL INTESTINE
In clinical practice the stomach and duodenum
are the most important sites of NSAID induced

side effects,53 yet in animal studies it is the small
intestine which bears the brunt of NSAID
induced damage.54

In humans NSAIDs have been reported to
cause small intestinal ulceration,5 inflam-
mation,7 bleeding and perforation,56 and stric-
ture formation.57 Inflammatory bowel disease
may be exacerbated or precipitated by these
agents,58 and steatorrhoea has been associated
with the use of mefenamic acid.59
Animal models provide some insight into the

mechanisms behind NSAID induced damage of
the small intestine. A single large dose of
indomethacin, given either orally or subcutan-
eously, causes multiple small intestinal ulcers
within 48 hours.54 Ulcers do not occur in germ
free animals,' and pretreatment with anti-
biotics reduces the severity of the damage to the
small intestine.6" A reduction in mucosal pros-
taglandin synthesis may play a central part in
the cause of these lesions as the NSAID induced
damage is markedly reduced if prostaglandins
are given concurrently.62 Del Soldado et al used
bigger doses of indomethacin to induce ulcers of
the small intestine one to two hours after
administration of indomethacin; both prosta-
glandin E2 and cysteamine (a free radical
scavenger) were effective in preventing the
erosions, but antibiotics had no beneficial
effect. This suggests that reduced mucosal pros-
taglandins and free radicals are important in the
early phase of damage to the small intestine,
with the later phase being a result of bacterial
overgrowth.

Bjarnason and colleagues have defined the
effects ofNSAIDs on the human small intestine.
They used 51Cr-EDTA as a probe molecule to
show increased intestinal permeability in
patients taking these agents6; this was noted
regardless of the type of arthritis for which these
agents were taken. They showed that the
increase in intestinal permeability was in pro-
portion to the degree of inhibition by various
NSAIDs of mucosal cyclooxygenase.64 Further
evidence for the central role of decreased
cyclooxygenase, and thus reduced mucosal
prostaglandin synthesis, is provided by the fact
that concurrent prostaglandin administration
(as the synthetic derivative misoprostol) pre-
vents NSAID induced changes in small intes-
tinal permeability.65 These findings were con-
firmed by Krugliak et al, who showed that
administration of exogenous prostaglandin E2
prevented the increase in permeability of poly-
ethylene glycol 400 due to NSAIDs.' Thus
prostaglandins have an important cytoprotective
role, not only in the stomach and duodenum,
but also in the small intestine.

Unfortunately, the mechanism of NSAID
induced small intestinal damage may not be due
to inhibition of mucosal prostaglandin synthesis
alone. Rainsford et a167 have proposed (from
data from animal studies) that the side effects of
NSAIDs on the small intestine may be due to
the effects of these agents on the enzymes in
the Embden-Meyerhof pathway and the tri-
carboxylic acid cycle, leading to a reduction in
intracellular ADP concentrations. Bjarnason et
al provided some evidence in support of this
hypothesis when they showed that concurrent
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administration of glucose and citrate with
indomethacin prevented alterations in small
intestinal permeability.' Clearly, the mechan-
isms whereby NSAIDs alter small intestinal
permeability merit further study.

NSAID INDUCED SMALL INTESTINAL
INFLAMMATION
Radiolabelled leucocyte scans have been exten-
sively evaluated as a means of assessing disease
extent and activity in patients with inflammatory
bowel disease.69 Abdominal scintigrams are
obtained at four hours and 20 hours after
injection of the radiolabelled white cells for
localisation of the inflammation, and a four day
faecal collection is made for indium-i 11 esti-
mation, thus providing an objective index of
the degree of inflammation. The technique is
particularly useful in establishing the presence
of ileocaecal inflammation. With the "1'In
leucocyte technique, Bjarnason et al demon-
strated inflammation of the small intestine in
two thirds of patients (with rheumatoid arthritis
or osteoarthritis) taking NSAIDs.7 Intestinal
inflammation is not evident until patients have
taken these agents for at least six months, and
the changes may persist for up to 18 months
after their discontinuation. Significantly, leuco-
cyte scans were normal in newly diagnosed
patients with rheumatoid arthritis-that is,
patients not taking NSAIDs; this suggests that
inflammation of the small intestine is a mani-
festation of NSAID use rather than of the
inflammatory arthritis itself.

Is NSAID induced inflammation of the small
intestine of any clinical significance? Using
whole body retention of "SeHCAT and 58Co
labelled vitamin B-12 as a marker of ileal
dysfunction, Bjarnason et al showed the presence
of significant dysfunction in patients taking
NSAIDs, but this was not as severe as in
Crohn's disease.7 The same group also showed
increased intestinal protein loss (using 51Cr
labelled proteins) in patients with NSAID
induced inflammation.70 The protein loss was,
however, mild, and only one of nine patients
studied had hypoalbuminaemia. Inflammation
of the small intestine also seems to be associated
with blood loss, as shown by the same group
using '"Tc labelled red blood cells. The
radiolabelled red cells accumulated in the same
region as the radiolabelled white cells, suggest-
ing that the inflammation leads to blood loss.
The authors suggest that this blood loss associ-
ated with inflammation of the small intestine
might account for unexplained iron deficiency
anaemia commonly seen in arthritic patients.
The same group from Northwick Park have

described an unusual type of small intestinal
stricture in patients taking NSAIDs57; these
strictures are diaphragmatic, with the lumen
narrowed to a pin hole. The strictures may be
multiple, and in a series of four patients
reported by Bjarnason et al three required
resection.
The work on NSAID induced enteropathy

reported by the Northwick Park group has
stimulated much interest; however, the clinical
significance of inflammation of the small intes-

tine remains to be established and the work
validated by further studies.

Future research in this area will need to focus
on intestinal mechanisms, rather than extra-
polating data based on studies of blood and
peripheral lymphocytes. Advances in this rapidly
developing field of research are likely to provide
insight not only into the pathophysiology of
rheumatic diseases, but may also contribute
indirectly to knowledge and treatment of in-
flammatory bowel disease.7'
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