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ALIMENTARY GRANULOMATA AND
THE IMMUNE RESPONSE

G. SLANEY, M.S., M.B., Ch.B., F.R.C.S.
Department of Surgery, Queen Elizabeth Hospital, Birmingham

THE possible i:tiological relationship between the
alimentary granulomata and the immune response
is one of the more recent and exciting develop-
ments in the sphere of gastroenterology.

General aspects
Although the basic features of the antigen-

antibody type of response have been well recog-
nized for many years, these processes were
hitherto considered to be essentially protective in
nature and concerned with ensuring survival
under adverse conditions. Recently, however,
there has 'been increasing evidence that under
certain circumstances antigen-antibody reactions
may play an important etiologlcal role in diseases
whose pathogenesis was previously obscure and
shrouded in medical mystery. Of especial interest
are the auto-immune disorders in which an in-
dividual tissue becomes antigenic, thus stimulating
the production of a circulating antibody, the
subsequent reaction resulting in destruction or
atrophy of the parent tissue concerned. There is
good evidence that the collagen diseases arise as
the result of such an immune type of response and
it has been shown, using fluorescent staining
techniques, that the tissue lesions in these diseases
are the site of an antigen-antibody reaction
(Vazquez and Dixon, 1957). Antibodies to
thyroid tissue have been demonstrated in the sera
of patients with Hashimoto's disease and chronic
thyroiditis (Witebsky, Rose, Terplan, Paine and
Egan, 1957; Witebsky, Rose and Shulman, I958).
Auto-antibodies have also been demonstrated in
the sera of patients with viral hepatitis, primary
biliary cirrhosis, glomerulo-nephritis and the
nephrotic syndrome (Mackay, I958; Gajdusek,
I958; Lui and McCrory, 1958).
A notable feature is the frequency with which

certain immunological reactions are associated
with a granulomatous type of response. There
is now strong experimental and clinical evidence
to indicate that polyarteritis nodosa is caused by an
immune-hypersensitivity mechanism. Germuth
(I953) showed that giving a large dose of bovine
serum intravenously in rabbits produced wide-

spread cardiovascular and renal lesions resembling
those of rheumatic fever, polyarteritis nodosa and
acute glomerulo-nephritis respectively in man;
furthermore many of these animals developed
widespread granulomatous lesions. Fulminating
peri-arteritis nodosa with a fatal outcome has been
recorded following the administration of antiserum
and sulphonamides to patients (Rich, 1942); it has
also occurred in patients with hypersensitivity to
drugs such as iodine and arsenic. As in poly-
arteritis nodosa it is possible that immunological
factors are also involved in sarcoidosis for Refvem
(I954) has shown that in animals sensitized to
phospholipid an immune response of the Arthus
type occurs with the formation of granulomata
containing giant cells and Schaumann inclusion
bodies, the classical histological features of human
sarcoidosis. Wegener's granulomatosis is a rare
fatal disease characterized by necrotizing granulo-
matous lesions in the respiratory tract, generalized
vasculitis and a necrotizing glomerulitis (Wegener,
I939); the vascular lesions are identical with those
of polyarteritis nodosa. Most are agreed that this
disease is a hypersensitivity state; the initial lesion
develops in the nose or paranasal sinuses and is
later followed by a generalized hypersensitivity
reaction and death from respiratory or renal failure.

Alimentary Involvement in Systemic Disease
The alimentary tract may be involved in many

of these systemic diseases which arise on an im-
munological basis; such involvement, however, is
usually secondary though granulomatous ulcera-
tion, hkmorrhage and perforation frequently
result.

In Wegener's granulomatosis extensive granulo-
matous ulceration showing giant cells, fibrosis and
central necrosis occurs in the mouth, cesophagus
and small intestine and multiple granulomata are
frequently present in the liver and spleen (Codman
and Churg, 1954; Walton, I958; Felson and
Braunstein, 1958).

Forty per cent. of patients with systemic lupus
erythematosis have widespread ulceration in the
cesophagus, small bowel and colon due to col-
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lagenous degeneration and thrombosis in small
vessels (Dubois, I953). The cesophagus is com-
monly involved in scleroderma with resulting
crsophagitis and ulceration due to incompetence of
the cardia; involvement of the small bowel
produces secondary sacculation and dilatation,
and steatorrhcea may be gross (Abrams, Carnes
and Eaton, 1954; Hale and Schatzki, I944;
Rosenthal, I957). Rarely, colonic changes may be
extremely severe resembling fulminating ulcera-
tive colitis and frank gangrene has been reported
(Lushbaugh, Rubin and Rothman, 1948).

Patients with dermatomyositis have a high in-
cidence of stomatitis, glossitis and gastro-intestinal
ulceration; hwmorrhage and perforation are
frequent (Wainger and Lever,; 1949; Domzalski
and Morgan, I955). There is also a high incidence
of malignant disease, including gastro-intestinal
cancer, in this condition; the relationship is so
constant that a continuing search for malignancy is
indicated in every patient with dermatomyositis
(Curtis, Blaylock and Harrell, 1952; Dowling,
'955).

Intestinal involvement occurs in over half the
cases of polyarteritis nodosa and symptoms are
usually due to ulceration, infarction, perforation or
hamorrhage. If ulceration is widespread severe
steatorrhcea and malabsorption syndromes result;
the mucosa usually shows typical granulomatous
ulceration with some giant-cell systems (Pugh and
Stringer, I956; Weinberg, 1946; Mowrey and
Lundberg, 1954).
The alimentary tract is but rarely involved in

generalized sarcoidosis, the commonest site being
the stomach; the lesion is frequently mistaken for
a carcinoma of the linitis plastica type (Orie, Van
Rijssell and Vanderzwag, 1950; Appell, Pritzker
and Klotz, I95I). Histologically some cases of
Crohn's disease may resemble sarcoidosis but
there is no relationship between the two diseases
(McKusick, I953; Phear, 1958).

Experimental Aspects
In the laboratory, typical granulomatous lesions-

can occur as part of an immune response. If
guinea-pigs or rabbits be sensitized to foreign
protein, subsequent subcutaneous injection of the
antigen several days later produces a characteristic
granulomatous response (Figs. i and 2). Histo-
logically the lesions show histiocytosis, monocytes,
endothelial cells and a giant cell and eosinophilic
response at the injection site (Goddard, 1947;
Goldgraber and Kirsner, I958). Endothelial and
perithelial reactions are marked and the cellular
reaction around small blood vessels may be i*ntense
(Fig. 3). Granulomata produced by these means
can also be shown to be the site of antibody for-
mation (White, Coons and Connolly, I955). This
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was confirmed by the more precise studies of
Askonas and Humphrey (1955) who studied the
granulomata produced by Freund's adjuvant in
rabbits using 14C labelled glycine and showed that
the cell mass of the granuloma produces some
8oO0, of the antibody. There is now very good
evidence that plasma cells are one of the main
sources of antibody (Gell, I959). Fagraeus (I948)
has shown that many reticulo-endothelial cells
develop into plasma cells and in the course of this
process antibodies are formed; the main producers
of antibody are immature plasma cells for mature
plasma cells apparently lose the power of antibody
synthesis (Oakley, I959).

In clinical practice there is also strong evidence
indicating that certain granulomata arise as a result
of an immune type of response. Shelley and
Hurley (I957) demonstrated, both experimentally
and clinically, that man can develop granulo-
matous lesions as a result of generalized hyper-
sensitivity to sodium zirconium lactate. More,
McMillan and Duff (1946) reported widespread
granulomatous lesions in the heart, liver and
kidneys in patients sensitive to sulphonamide.
Churg and Strauss (I95i) reported I3 cases of
severe asthma followed by fever and intense
eosinophilia; ii patients subsequently died and
widespread granulomatous lesions were present
throughout the body with radially arranged
macrophages and giant cells; arterial lesions
essentially similar to those seen in polyarteritis
nodosa were also present.

It will thus be seen that there is strong clinical
and experimental evidence indicating the close
correlation between the granulomatous response
and immune hypersensitive states generally.

The Immune Response in the Alimentary
Tract

Injection or ingestion of proteins into the
stomach of previously sensitized animals produces
congestion and cedema followed by induration and
necrosis; similar changes occur in sensitized dogs
(Shapiro and Ivy, I926; Thiers and Chevallier,
I935). Jahiel and his associates (1952) induced
local sensitivity by injecting horse serum into the
wall of the stomach and after an interval horse
serum was given intravenously; 520/0 of the
experimental animals developed gastric lesions
consisting of localized areas of mucosal and sub-
inucosal crdema with lymphocytes, plasma cells
and a few eosinophils. In a number of animals
actively bleeding lesions with crater formation
surrounded by cedema were produced. The
Shwartzman phenomenon can occur in the
stomach wall under experimental conditions but
does not usually produce ulceration (Karsner,
Ecker and Jackson, 193 ). If any part of the

alimentary tract of monkeys be passively sensitized
a brisk local reaction occurs when the antigen is
given either by mouth or intravenously (Walzer,
Gray, Straus and Livingston, I938).

In human beings it is common for severe
anaphylactic reactions to be accompanied by
nausea, vomiting and abdominal pain. In patients
with known gastro-intestinal allergy, ingestion of
the causative antigen causes an initial hyperaemia
of the alimentary mucous membrane followed by
widespread cedema and a greatly increased pro-
duction of mucus; local haemorrhage may occur
(Pollard and Stuart, I941). Similar lesions may
be observed on exposed mucous membrane in
patients with an ileostomy or a colostomy if local
passive sensitivity be induced by intramucosal
injection of serum from an allergic individual (Gray,
Harten and Walzer, I940). Oral administration
of the antigen is shortly followed by initial pallor
in the sensitized area and subsequent hyperxemia,
progressive cedema and profuse secretion of mucus.
Thus it is clear that the human alimentary tract is
quite capable of participating in or being involved
by immune-hypersensitivity reactions.

Goldbraber and Kirsner (1959) have reported an
Arthus type reaction in the colon of rabbits
sensitized to egg albumin. At a subsequent
operation egg albumin was injected subserosally
into the colon and granulomata and giant cells were
repeatedly observed six and seven days after the
eliciting injection; eosinophils were prominent.

Similar lesions have been produced in the small
intestine of rabbits sensitized to horse serum.
The rabbits were sensitized by a series of intra-
venous injections and then subsequently operated
upon and given subserosal injections of the
antigen. After a lapse of several days a pro-
nounced local reaction occurred with the formation
of a granuloma; adhesions between loops of
bowel were common with thickening of the
mesentery and omental adhesions. Histologically,
a marked plasma-cell response was usually present
with abundant eosinophils; giant-cell systems
were frequent and several animals exhibited
characteristic granulomata not unlike those some-
times seen in regional enteritis and ulcerative
colitis (Figs. 4 and 5). Lymphatic dilatation,
however, was not observed in these lesions.
The Shwartzman phenomenon can be produced

in the colon under experimental conditions and a
granulomatous response is regularly seen during
the healing phase. The Auer type of sensitivity
response is a variant of the Arthus, whereby the
local reaction is facilitated by previous local irrita-
tion. This type of reaction has recently been
produced experimentally in the colon and the
resulting changes closely resembled those seen in
human ulcerative colitis. Moreover, in the
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sensitized animals these lesions were accompanied
by a rise in serum gamma-globulin with a fall in
serum albumin; alterations of this nature are
frequent in ulcerative colitis (Kirsner and Gold-
graber, I 960).

It thus seems established that certain diseases in
man are due to an immune-hypersensitivity
mechanism; furthermore, the human alimentary
tract is capable of participating in such a response.
The frequent association between granulomata and
the immune state, and the demonstration that such
lesions can be produced in the alimentary tract
experimentally, has led to a great deal of con-
jecture as to what part, if any, such mechanisms

play in the production of the non-specific ali-
mentary granulomata seen in man. It must be
stressed that as yet, no valid conclusions can be
drawn concerning the relationship between ex-
perimentally induced granulomatous lesions and
those seen in diseases of the human alimentary
tract. Andresen (1940) and Rowe (1942) and
Rowe, Rowe and Oyeyama (I953) have stressed
the importance of allergic factors in the etiology of
both regional enteritis and ulcerative colitis, but
their views have not found wide acceptance and
the number of reported cases is small. More
recently Truelove (I96I) has reported a series of
cases of ulcerative colitis provoked by milk or
milk products. The not infrequent association of
ulcerative colitis with an arthropathy resembling
rheumatoid arthritis and its occasional association
with disseminated lupus erythematosus and other
collagen diseases has given rise to the suggestion
that ulcerative colitis may have an immunological
basis; at present, however, this remains little
more than an interesting speculation. Other
phenomena common in hypersensitive states such
as alterations in serum globulins, iritis, erythema
nodosum and pyoderma gangrenosum are also
frequently seen in both regional enteritis and
ulcerative colitis and whilst suggestive that im-
munological factors may be responsible, clear-cut
evidence is still lacking.

However, since the evidence is very suggestive
that immune factors may be involved in human
regional enteritis and ulcerative colitis, numerous
endeavours are now being made using precipitin,
immunophoretic and haemagglutination techniques
to identify antibodies in these diseases and early
successes have been reported. Broberger and
Perlmann (i95) demonstrated that the sera of
patients suffering from ulcerative colitis contained
a precipitating and haemagglutinating factor re-
acting against human colon, liver and kidney;
this factor was a gamma-globulin. Further
studies by others have supported these findings.
Polcak and Vlokurka (I960) prepared an antigen
from normal colonic mucosa and using a collodion
precipitin technique obtained strongly positive
results with the sera of 30 patients with ulcerative
colitis; in I95 patients with diseases other than
ulcerative colitis and in 20 normal patients there
was no reaction at all.

Despite these encouraging initial reports, how-
ever, the hypothesis that diseases such as regional
enteritis and ulcerative colitis are immune dis-
orders still remains to be proved and a great deal of
knowledge has yet to be obtained before this
fascinating problem is finally solved.
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