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Potential role of superantigen induced activation of cell
mediated immune mechanisms in the pathogenesis of

Crohn’s disease

The aetiopathogenesis of the inflammatory bowel diseases
(IBD),. Crohn’s disease and ulcerative colitis, remains
unknown. In recent years, however, considerable evidence
has been generated that suggests that immunological
mechanisms may play an important part in the tissue
damage of Crohn’s disease and ulcerative colitis.

T cell activation in inflammatory bowel disease

In vivo T cell activation has been shown to be a feature
of several diseases believed to be immunologically
mediated.! 2 The histological features of inflammatory
bowel disease are also consistent with increased T cell
activation: diseases of the gut, such as coeliac disease,
Crohn’s disease, and ulcerative colitis are associated with
an inflammatory cell infiltrate into the diseased tissue with
increased numbers of T cells in the mucosa.?4
Immunophenotyping of T cells has failed to show any
gross abnormalities in inflammatory bowel disease: the
proportions of CD4+ and CD8+ cells being similar in
diseased and normal tissue*% and there are no obvious
defects in function.”

The use of monoclonal antibodies to markers of T cell
activation, however, has shown considerable changes in
T cells in Crohn’s disease compared with normal controls.
There is a shift from CD45RA to CD45RO expression
in cells from the lamina propria of patients with Crohn’s
disease,® a phenomenon associated with antigen driven
T cell activation.® In addition, T cell and macrophage
populations from the peripheral blood, mucosa, and
lamina propria of patients with Crohn’s disease contain
a high proportion of cells expressing early activation
markers: 4F2, T9 (transferrin receptor), and interleukin
2 receptor expression is increased in peripheral blood
and intestinal lamina propria populations during active
disease.!? Interleukin 2 receptor expression has also been
studied using a monoclonal antibody to CD25 (the p55
chain of the interleukin 2 receptor).!! CD25+ T cells and
macrophages were present below the epithelium and
deeper in the mucosa of inflamed tissue from patients with
Crohn’s disease but were not seen in histologically normal

tissue from the same patient. Interestingly, one of the few
immunological findings that differentiate between Crohn’s
disease and ulcerative colitis is that the mucosal CD25+
cells in Crohn’s disease are predominantly T cells whereas
those in ulcerative colitis are phenotypically macrophages.
Further evidence of increased cell mediated immune
activity in the gut associated lymphoid tissue is provided by
the increased concentration of various cytokines seen in
diseased tissue from patients with IBD: there are increased
concentrations of interleukin 2 in serum, the mucosal
macrophage population, and the tissue mucosa of patients
with IBD.!?"!4 In addition, spontaneous production of
interferon v is increased in the lamina propria of patients
with Crohn’s disease!5 and production of tumour necrosis
factor o is increased in colonic cells from children with
IBD.16 This last finding is of particular interest in Crohn’s
disease because of the part that tumour necrosis factor « is
thought to play in the development of granulomas.!”
Despite this strong evidence of T cell activation in the
gut of patients with IBD, it is difficult to find out if this is
of primary or secondary importance in the pathogenesis
of the inflammation: damage to the gut epithelium and
subsequent exposure of the gut associated lymphoid tissue
to the mass of antigenic stimuli in the gut lumen would
be expected to give rise to polyclonal stimulation of
large numbers of T and B cells: any contribution to the
chronicity of disease would be secondary to the primary
insult. The polyclonal nature of the lymphocytic infiltrate
in IBD has been shown by the studies of Kaulfersch ez al.18
In vitro studies examining small intestine explants cultured
with pokeweed mitogen or monoclonal anti-CD?3 antibody
suggest that activated T cells can induce an enteropathy
in vitro that strongly resembles human gastrointestinal
diseases!®: crypt hyperplasia and villus atrophy develop
rapidly and the morphological changes seen with increas-
ing age of the explant are consistent with increased
numbers of T cells being present. In addition, there is
increased cytokine production (interleukin 2 and inter-
feron ) and, consequently, increased HLLA-DR expression
on epithelial cells and lamina propria accessory cells.
These studies provide important evidence that activated
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T cells play a primary part in the pathology of IBD and
emphasise that one of the major challenges to researchers
in IBD is the characterisation of the antigen(s) provoking
this activation of T cells in the gut associated lymphoid
tissue.

Immunological evidence for the presence of a
specific triggering antigen in Crohn’s disease
Indirect evidence for a specific triggering antigen in the
pathogenesis of IBD was provided in 1976 by the finding
of increased numbers of cold reactive lymphocytotoxic
antibodies in patients with IBD.2? These antibodies are
more prevalent in relatives of patients with IBD than the
normal population, implying exposure to an environ-
mental agent. The relevance of this finding has not been
revealed. Other studies have suggested the presence of
a Crohn’s specific antigen: on inoculation with Crohn’s
disease tissues, T cell deficient mice develop lymph node
hyperplasia or lymphoma. In immunoflourescence
tests, serum samples from patients with Crohn’s disease
recognise an antigen(s) in these tissues.2! These findings
were confirmed by Pefia et al,22 but further studies showed
that tissues from other intestinal diseases induced similar
lymph node changes on inoculation into mice.2324
Furthermore, serum samples from Crohn’s disease
patients recognised antigens in the lymph nodes of animals
inoculated with saline alone.2* Interestingly, samples from
patients with Crohn’s disease recognised antigen(s) in
these tissues to a much greater extent than samples from
ulcerative colitis or control patients.

More recently, in a study of T cell antigen receptor
VB gene usage in IBD, Posnett et al reported increased
proportions of VB8+ T-cells in mesenteric lymph nodes
from a subgroup of patients with Crohn’s disease.?> This
phenomenon was not seen in patients with ulcerative
colitis, in controls, or in peripheral blood mononuclear cell
populations from the same patients. A later study,
which failed to show raised proportions of VB8+ T-cells,26
examined the same population of cells that were negative
in the study of Posnett ez al. Confirmation of these findings
would provide more evidence of a role for a specific
triggering antigen in the immunopathogenesis of Crohn’s
disease.

Antigen specific lymphocyte responses in IBD
Considerable effort has been exerted in attempting to
determine a role for various bacteria, viruses, and dietary
antigens in the pathogenesis of IBD. Extensive culture
and serological studies, however, have failed to provide
convincing evidence of the participation of any proposed
aetiological agent, including mycobacterial species
(reviewed in reference 27): antibody concentrations to a
wide range of commensal and pathogenic enterobacteria
are raised in IBD.?83! This is assumed to result
from leakage of commensal organisms through a
previously damaged mucosa with cross reactivity between
enterobacterial species thus explaining the raised antibody
levels to pathogenic organisms.

The strong evidence for a significant involvement of
activated T cells in the immunopathology of IBD and the
granulomatous nature of Crohn’s disease implies that
studies of cell mediated immunity may be more fruitful
in searching for antigen specific responses in IBD. Few
studies of cell mediated immunity directed at particular
organisms/antigens have been performed and these have
concentrated on peripheral blood mononuclear cell
responses to mycobacterial antigens.3233 Although these
studies provide little evidence of sensitisation to myco-
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bacterial antigens in patients with IBD, it is probably more
relevant to perform studies of cell mediated immunity
using gut associated lymphoid tissue: mucosal and
mesenteric lymph node mononuclear cell (MLNMC)
populations from patients with IBD respond to a range of
microbial antigens.34-36 In our study,?% and that of Fiocchi
et al,3* responses of lymphocyte populations from the gut
associated lymphoid tissue were often far greater than
responses of peripheral blood mononuclear cells from the
same patient.

We failed to show any evidence of hyper or hyporespon-
siveness to mycobacterial antigens but, against a raised
background of responsiveness to enterobacterial species,
there was a significantly greater response to Yersinia
enterocolitica in lymphocytes derived from mesenteric
lymph nodes draining inflamed tissue. Similar patterns
of lymphocyte responsiveness occur in other diseases
associated with gut inflammation: in reactive arthritis,
proliferative responses of T cell populations derived from
peripheral blood are generally low. Responses of synovial
fluid mononuclear cells to the causative organisms and
recall antigens are significantly greater.37-39

Recent studies in our laboratory, using peripheral blood
mononuclear cell populations from patients with active
infectious diarrhoea of various aetiologies, suggest that
similar patterns of responsiveness occur in these diseases
also: during active disease peripheral blood responses are
very low. In infectious diarrhoea, as in reactive arthritis,
responsiveness of peripheral blood T cells to various
enterobacterial antigens returns during convalescence
(unpublished data). In early convalescence, the prolifera-
tive responses were generally greatest to either the
causative organism or to yersinial antigens. This shows
that the increased responsiveness to Y enterocolitica of
MLNMC:s from patients with IBD is not specific, but may
represent the superantigenic activity that antigenic
preparations (probably membrane protein) from the
organism have been shown to possess.40

Potential role for superantigens in the
immunopathology of Crohn’s disease
If the increased proportion of VB8+ T-cells in MLNMC
populations from patients with Crohn’s disease is
confirmed, this would provide the first evidence of a
potential role for superantigens in the pathogenesis of this
disease: clonal expansion of T cells bearing particular
VB gene families is a characteristic of T cell stimulation
by superantigens.*’ A number of bacterial products
have been shown to possess superantigenic activity
including Staphylococcus aureus enterotoxins,*243 group A
streptococcal M protein,** and Mycoplasma arthritidis.5 46
As already mentioned, Y enterocolitica has been shown to
produce superantigenic activity in studies using murine
T cells. 40

It has been proposed that exposure to superantigens
may give rise to the development of autoimmunity
resulting from expansion of autoreactive T cell clones that
are suppressed in the normal state.4” Most of the diseases
thought to be mediated by superantigens have associated
autoimmune sequelae: a factor derived from Mycoplasma
arthritidis causes arthritis in rats and experimentally
induced arthritis in other species*® and, in addition
to its possible role in rheumatic fever, streptococcal M
protein is implicated in autoimmune disorders of a range
of organs.44 4% Gastroenteritis caused by Yersinia enterocol-
itica, in common with gut infections caused by other
organisms, may lead to the development of autoimmune
spondylarthropathies such as Reiter’s syndrome or reactive
arthritis.5? It is of interest that a chronic form of yersiniosis
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has been described in which Y enterocolitica cannot be
detected by culture and serological techniques routinely
used in diagnostic laboratories.?! This form of yersiniosis
bears striking clinical and histological similarities to
Crohn’s disease, including a predilection for the terminal
ileum and extraintestinal complications such as arthritis,
uveitis, and erythema nodosum. In addition, ileocolono-
scopic and immunohistochemical studies have shown that
a high proportion of patients suffering from seronegative
spondylarthropathies have lesions in the gut bearing
strong histological similarities to those seen in Crohn’s
disease.5253 It was postulated that this may point to the
presence of a subset of patients with Crohn’s disease who
present with arthritis as the major manifestation of disease,
with no obvious gut symptoms.

The aetiopathogenesis of reactive and rheumatoid
arthritis is still not clearly understood despite the known
association with the HILA-B27 allele. Neither are the
mechanisms whereby arthritis develops in patients with
IBD. Overall, searches for evidence of autoimmune
reactions in IBD, especially Crohn’s disease, have been
negative: antibodies have been detected in patients
with ulcerative colitis and Crohn’s disease, which cross
react between an antigen of the colonic epithelium and
the Kunin antigen of enterobacteria®* but a role for these
antibodies in the perpetuation of gut inflammation or
development of autoimmunity has not been elucidated
(reviewed in reference 55). The anti-VB8 monoclonal
antibodies used by Posnett er al, however, were also
reported to cross react with epithelial cells. An antigen
expressed by an abnormal epithelial cell in Crohn’s disease
may have the potential to stimulate an anti-V38 humoral
response that leads to the expansion of VB8+ve T cell
populations.?>

Whereas expansion of T cells bearing particular V3 gene
families is antigen specific, there is evidence that expansion
of populations bearing particular Va gene families may
be host specific.4* It has been proposed that this may
provide a mechanism whereby some people are prone
to developing superantigen related disorders while others
are resistant. There is strong evidence of a genetic pre-
disposition of IBD.5% Interaction between Va and VB
elements, or the MHC genotype of a subject, could pro-
vide a genetic mechanism whereby people are prone
to development of Crohn’s disease, ulcerative colitis or
neither disease.

The clinical and histological similarities between
yersiniosis and Crohn’s disease; the associated disorders
such as arthritis and erythema nodosum, which are
assumed to be immunologically mediated; the finding that
Y enterocolitica possesses superantigenic activity and the
possible presence of raised proportions of VB8+ T-cells in
mesenteric lymph nodes of patients with Crohn’s disease,
provides tantalising evidence that superantigen induced
activation and expansion of T cells may be responsible for
the immunopathology of Crohn’s disease.

J P IBBOTSON
Department of Infection,
The Medical School,
University of Birmingham,
Birmingham B15 2T}
JRLOWES

Gastroenterology Unit,
Torbay Hospital,
Torquay TQ2 7AA.

1 Jackson RA, Morris MA, Haynes BF, Eisenbarth GS. Increased circulating
la-antigen bearing T cells in type 1 diabetes mellitus. N Engl ¥ Med 1982;
306: 785-8.

2 Hafler DA, Fox DA, Manning ME, Schlossman SF, Reinherz EL, Weiner

HL. In vivo activated T lymphocytes in the peripheral blood and cere-
llai%s;inal fluid of patients with multiple sclerosis. N Engl ¥ Med 1985; 312:
—-11.

3 Selby WS, Janossy G, Bofill M, Jewell DP. Lymphocyte subpopulations in
the human small intestine. The findings in normal mucosa and in the
mucosa of patients with adult coeliac di Clin Exp I [1983; 52:
219-28.

4 Selby WS, Janossy G, Bofill M, Jewell DP. Intestinal lymphocyte subpopu-
lations in inflammatory bowel disease: an analysis by immunohisto-
chemical and cell isolation techniques. Gur 1984; 25: 32—40.

5 James SP, Fiocchi C, Graeff AS, Strober W. Phenotypic analysis of lamina
propria lymphocytes. Gastroenterology 1986; 91: 1483-9.

6 Richens ER, Thorp CM, Bland PW, Gough KR. Peripheral blood and
J;Be7senteric lymph node lymphocytes in Crohn’s disease. Gur 1980; 21:

-11.

7 James SP, Fiocchi C, Graeff AS, Strober W. Immunoregulatory function of
lamina propria T cells in Crohn’s disease. Gastroenterology 1985; 88:
1143-50.

8 Harvey J, Jones DB, Wright DR. Leucocyte common antigen expression on
T cells in normal and inflamed human gut. Immunology 1989; 68: 13-7.

9 Akbar AN, Terry L, Timms A, Beverley PCL, Janossy G. Loss of CD45R
and gain of UCHLI reactivity is a feature of primed T cells. ¥ Immunol
1988; 140: 2171-8.

10 Pallone F, Fais S, Squarchia O, Biancone L, Pozzili P, Boirivant M.
Activation of peripheral blood and intestinal lamina propria lymphocytes
in Crohn’s disease. In vivo state of activation and in vitro response to
stimulation as defined by the expression of early activation antigens. Gut
1987; 28: 745-53.

11 Choy MY, Walker-Smith JA, Williams CB, MacDonald TT. Differential
expression of CD25 (interleukin-2 receptor) on lamina propria T cells and
macrophages in the intestinal lesions in Crohn’s disease and ulcerative
colitis. Gut 1990; 31: 1365-70.

12 Mahida YR, Wu KC, Jewell DP. Interleukin 2 receptor expression by
macrophages in inflammatory bowel disease. Clin Exp Immunol 1988; 74:
3

2-6.

13 Mahida YR, Gallagher A, Kurlak L, Hawkey C]J. Plasma and tissue inter-
leukin-2 receptor levels in inflammatory bowel disease. Clin Exp Immunol
1990; 82: 75-80.

14 Mueller Ch, Knoflach P, Zielinski CC. T cell activation in Crohn’s disease.
Increased levels of soluble interleukin-2 receptor in serum and in super-
natants of stimulated peripheral blood mononuclear cells. Gastroenterology
1990; 98: 639-46.

15 Fais S, Capobianchi MR, Pallone F, Di Marco P, Boirivant M, Dianzani F,
et al. Spontaneous release of interferon~y by intestinal lamina propria lym-
phocytes in Crohn’s disease. Kinetics of in vitro response to interferon-y
inducers. Gur 1991; 32: 403-7.

16 MacDonald TT, Hutchings P, Choy M-Y, Murch S, Cooke A. Tumour
necrosis factor-alpha and interferon-gamma production measured at the
single cell level in normal and inflamed human intestine. Clin Exp Immunol
1990; 81: 301-5.

17 Kindler V, Sappino A-P, Grau GE, Piguet PF, Vassalli P. The inducing role
of tumor necrosis factor in the development of bactericidal granulomas
during BCG infection. Cell 1989; 56: 731-40.

18 Kaulfersch W, Fiocchi C, Waldmann TA. Polyclonal nature of the intestinal
mucosal lymphocyte population in inflammatory bowel disease.
Gastroenterology 1988; 95: 364-7.

19 MacDonald TT, Spencer J. Evidence that activated mucosal T cells play a
role in the pathogenesis of enteropathy in human small intestine. ¥ Exp
Med 1988; 167: 1341-9.

20 Korsemeyer SJ, Williams RC, Wilson ID, Strickland RG. Lymphocytotoxic
antibodies and RNA antibodies in inflammatory bowel disease: a compar-
ative study in patients and their families. Ann NY Acad Sci 1976; 278:
574-85.

21 Das KM, Valenzuela I, Williams SE, Soeiro R, Kadisch AS, Baum SG.
Studies of the aetiology of Crohn’s disease using athymic nude mice.
Gastroenterology 1983; 84: 364-74.

22 Pefta AS, Kuiper I, Walvoort HC, Verspaget HW, Weterman IT,
Ruitenberg EJ, ez al. Seropositivity in a Dutch Crohn’s disease population
against primed nude mice lymph nodes. Gut 1986; 27: 1426-33.

23 Collins JF, Strickland RG, Kekahbah EL, Arthur MH, Naeim F, Gitnick
GL. Histological response and antigen transmission in the lymph nodes of
athymic nu/nu mice inoculated with Crohn’s disease tissue infiltrates. Gur
1988; 29: 983-9.

24 Walvoort HC, Fazzi GE, Pefia AS. Seroreactivity of patients with Crohn’s
disease with lymph nodes of primed nude mice is independent of the
tissue used for priming. Gastroenterology 1989; 97: 1097-100.

25 Posnett DN, Schmelkinl, Burton DA, August A, McGrath H, Mayer LF. T
cell antigen receptor V gene usage: increases in VB 8+ T cells in Crohn’s
disease. ¥ Clin Invest 1990; 85: 1770-6.

26 Spencer J, Choy MY, MacDonald TT. T cell receptor V beta expression by
mucosal T cells. ¥ Clin Pathol 1991; 44: 915-8.

27 Thayer WR. The aetiology of inflammatory bowel disease: the role of infec-
tious agents. In: Allan RN, Keighley MRB, Alexander-Williams J,
Hawkins C, eds. Infl tory bowel di: Edinburgh: Churchill
Livingstone, 1990: 147-63.

28 Tabagqchali S, O’Donoghue DP, Bettelheim KA. Eschericia coli antibodies
in patients with inflammatory bowel disease. Gut 1978; 19: 108-13.

29 Auer IO, Roder A, Wensinck F, van de Merwe JP, Schmidt H. Selected
bacterial antibodies in Crohn’s disease and ulcerative colitis. Scand ¥
Gastroenterol 1983; 18: 217-23.

30 Cooper R, Fraser SM, Sturrock RD, Gemmell CG. Raised titres of anti-
klebsiella IgA in ankylosing spondylitis, rheumatoid arthritis and inflam-
matory bowel disease. BM¥ 1988; 296: 1432—4.

31 Blaser MJ, Miller RA, Lacher J, Singleton JW. Patients with active Crohn’s
disease have elevated serum antibodies to antigens of seven enteric
bacterial pathogens. Gastroenterology 1984; 87: 888-94.

32 Seldenrijk CA, Drexhage HA, Meuwissen SGM, Meijer CJLM. T-cellular
immune reactions (in macrophage inhibition factor assays) against Myco-
bacterium paratuberculosis, Mycobacterium kansasii, Mycobacterium
tuberculosis, Mycobacterium avium in patients with chronic inflammatory
bowel disease. Guz 1990; 31: 529-35.

33 Das PK, Blaauwgeers JLG, Slob AW, Spies J, Chand A, Kolk A, et al. On
the mycobacterial aetiology of Crohn’s disease: relevant immunological
studies. Gastroenterology 1988; 94: A88.




34 Fiocchi C, Battisto JR, Farmer RG. Studies on isolated gut mucosal
lymphocytes in inflammatory bowel disease. Detection of activated
T-cells and enhanced proliferation to Staphylococcus aureus and
lipopolysaccharides. Dig Dis Sci 1981; 26: 728-36.

35 Pirzer U, Schénhaar A, Fleischer B, Hermann E, Meyer zum Biischenfelde
K-H. Reactivity of infiltrating T lymphocytes with microbial antigens in
Crohn’s disease. Lancet 1992; 338: 1238-9.

36 Ibbotson JP, Lowes JR, Chahal H, Gaston, JSH, Life P, Kumararatne DS,
et al. Mucosal cell-mediated immunity to mycobacterial, enterobacterial
and other microbial antigens in inflammatory bowel disease. Clin Exp
Immunol 1992; 87: 224-30.

37 Ford DK, daRoza DM, Schulzer M. Lymphocytes from the site of disease
but not blood lymphocytes indicate the cause of arthritis. Ann Rheum Dis
1985; 44: 701-10.

38 Gaston JSH, Life PF, Granfors K, Merilathi-Palo R, Consalvey S, Toivanen
A, et al. Synovial T lymphocyte recognition of organisms that trigger reac-
tive arthritis. Clin Exp Immunol 1989; 76: 348-52.

39 Life PF, Viner NJ, Bacon PA, Gaston JSH. Synovial fluid antigen-present-
ing cells unmask peripheral blood T-cell responses to bacterial antigens in
inflammatory arthritis. Clin Exp Immunol 1990; 79: 189-94.

40 Stuart PM, Woodward JG. Yersinia enterocolitica produces superantigenic
activity. ¥ Immunol 1992; 148: 225-33,

41 Herman A, Kappler JW, Marrack P, Pullen AM. Superantigens: mechanism
of T-cell stimulation and role in immune responses. Annu Rev Immunol
1991; 9: 745-72.

42 Choi Y, Kotsin B, Herron L, Callahan J, Marrack P, Kappler J. Interaction
of Staphylococcal aureus toxin ‘superantigens’ with human T cells. Proc
Natl Acad Sci 1989; 86: 8941-5.

43 Kappler ], Kotzin B, Herron L, Gelfand E, Bigler R, Boylston A, ez al.
VB-specific stimulation of human T-cells by staphylococcal toxins. Science
1989; 244: 811-3.

44 Tomai M, Kotb M, Majumdar G, Beachey EH. Superantigenicity of strep-
tococcal M protein. ¥ Exp Med 1990; 172: 359-62.

45 Cole BC, Kartchner DR, Wells D]J. Stimulation of mouse lymphocytes by a

Ibbotson, Lowes

mitogen derived from Mycoplasma arthritidis. VII. Responsiveness is
associated with the expression of a product(s) of the VB8 gene family
present on the o/f T cell receptor for antigen. ¥ Immunol 1989; 142:
4131-7.

46 Cole BC, Karchner DR, Wells DJ. Stimulation of mouse lymphocytes
by a mitogen derived from Mycoplasma arthritidis (MAM). VIII.
Selective activation of T cells expressing distinct VB T cell receptors from
various strains of mice by the superantigen MAM. ¥ Immunol 1990; 144:
425-31.

47 Marrack P, Kappler J. The staphylococcal enterotoxins and their relatives.
Science 1990; 248: 704-7.

48 Cole BC, Ward JR, Jones R], Cahill JF. Chronic proliferative arthritis of
mice induced by Mycoplasma arthritidis1. Induction of disease and histo-
logical characterisation. Infect Immun 1971; 4: 344-55.

49 Bartter T, Dascal A, Carroll K, Curley FJ. Toxic Streptococcus syndrome.
Arch Intern Med 1988; 148: 1421-4.

50 Cover TL, Aber RC. Yersininia enterocolitica. N Engl ¥ Med 1989; 321:
16-24.

51 Hoogkamp-Korstanje JAA, De-Konong J, Heeseman J. Persistance of
Yersinia enterocolitica in man. Infection 1988; 16: 81-5.

52 Cuvelier C, Mielants H, De Vos M, Veys E, Roels H. Immunoglobulin con-
taining cells in terminal ileum and colorectum of patients with arthritis
related gut inflammation. Gut 1988; 29: 916-25.

53 De Voss M, Cuvelier C, Mielants H, Veys E, Barbier F, Elewaut A.
Ileocolonoscopy in seronegative spondylarthropathy. Gastroenterology
1989; 96: 329-34.

54 Lagercrantz R, Hammarstrom S, Perlmann P, Gustafsson BE. Immuno-
logical studies in ulcerative colitis IV. ¥ Exp Med 1968; 128: 1339-52,

55 Snook J. Are the inflammatory bowel diseases autoimmune disorders? Gut
1990; 31: 961-3.

56 Tysk C, Lindberg E, Janerot G, Floderus-Myrhed B. Ulcerative colitis and
Crohn s disease in an unselected population of monozygotic and dizygotic
twins: a study of heritability and the influence of smoking. Gut 1988; 29:
990-6.



