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Cellular hypersensitivity to components of intestinal
mucosa in ulcerative colitis and Crohn's disease
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Copenhagen University Hospital, Rigshospitalet, Copenhagen, Denmark

SUMMARY The migration of peripheral leucocytes in vitro is examined in 36 patients with ulcerative
colitis, in 34 patients with Crohn's disease, in 12 patients with ulcerative colitis or Crohn's disease,
and in 31 patients with other gastrointestinal disorders. In a majority of the patients with ulcerative
colitis extracts of foetal, colonic, and jejunoileal mucosa inhibit migration of leucocytes. A similar
reactivity is seldom seen in Crohn's disease. Extracts of liver, kidney, and adrenal gland do not in-
hibit the migration. The reactivity of the ulcerative colitis group was found to be significantly
different from that in controls and in the Crohn group, whereas the Crohn group did not differ
significantly from the controls. The examination thus reveals a biological difference between
ulcerative colitis and Crohn's disease, which are otherwise separable mainly on nosological criteria.
The finding of a similar inhibition of leucocyte migration in five out of 31 patients with mis-

cellaneous gastrointestinal disorders unrelated to ulcerative colitis and Crohn's disease was in-
conclusive.
An antigen-induced inhibition of leucocyte migration has been shown in vitro to be a correlate of

cellular hypersensitivity. The immunological mechanisms behind the present system are discussed,
and it is concluded that the reactivity observed probably indicates the existence in ulcerative colitis
of a state of cellular hypersensitivity to components of normal foetal, colonic, and jejunoileal
mucosa.

The differential diagnosis between ulcerative colitis
and Crohn's disease is based upon histopathological,
radiological, and clinical criteria. In some cases a
classification cannot be made with certainty, es-
pecially if only the large bowel is involved. How-
ever, the conventional nosological differentiation
between the two conditions corresponds well with
certain immunological differences which are prob-
ably related to the pathogenesis.

In Crohn's disease some observations indicate a
state of reduced immunological responsiveness
(Phear, 1958; Williams, 1963; Taylor, 1965), al-
though this supposition has not been confirmed by
a more recent report (Fletcher and Hinton, 1967).
Ulcerative colitis seems to be associated with an
immunological hyperreactivity including signs of
organ-specific hypersensitivity (Perlmann and Bro-
berger, 1962; Watson, Styler, and Bolt, 1965;
Taylor, 1965; Lagercrantz, Hammarstrom, Perlmann,
and Gustafsson, 1966; Kraft and Kirsner, 1966;
Wright and Truelove, 1966; Weeke and Bendixen,
1968). Observations in support of the latter hypo-

thesis mainly rest upon the demonstration of
circulating anticolonic antibodies and are thus
informative principally of the humoral (immediate)
type oforgan-specific hypersensitivity. Toassess more
completely the immunopathological mechanisms
associated with ulcerative colitis, it is necessary to
examine whether as well as circulating anticolonic
antibodies an organ-specific hypersensitivity of the
cellular (delayed) type can also be demonstrated.
The existence of this type of autoreactivity in ulcera-
tive colitis can be assumed on the basis of other
observations (Perlmann and Broberger, 1962;
Watson et al, 1965; Bendixen, 1967) but still needs
confirmation on larger series.

Since 1932 (Rich and Lewis) it has been known
that a specific, antigen-induced inhibition of the
migration of immunocompetent cells is in vitro a
correlate of cellular hypersensitivity. The leucocyte
migration technique which has been employed in
the present and a previous study (Bendixen, 1967),
was developed on the basis of methods described
by George and Vaughan (1962), by David,
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Al-Askari, Lawrence, and Thomas (1964a), and by
David, Lawrence, and Thomas (1964b). Experiments
with hypersensitivity to Brucella have established
firm evidence that this technique makes possible a
demonstration in vitro of cellular hypersensitivity in
man (S0borg and Bendixen, 1966; S0borg,
1967 and 1968), and the method further seems to
permit an evaluation of cellular hypersensitivity in
states which cannot be estimated by more tradi-
tional methods, for example, diseases awith presumed
autoimmune genesis (Bendixen, 1967 and 1968;
Bendixen and S0borg, 1968a; Nerup, Andersen,
and Bendixen, 1969).
The purpose of the present work is to investigate

by means of the leucocyte migration test the oc-
currence of specific cellular reactivity to components
of normal intestinal mucosa in ulcerative colitis and
Crohn's disease. Besides throwing further light upon
mechanisms related to the pathogenesis the ex-
amination might be helpful in deciding whether the
clinical entities ulcerative colitis and Crohn's
disease are separable on an immunopathological
basis. In addition it is intended in the light of recent
knowledge to discuss the immunological mechanisms
involved in the leucocyte migration system.

CLINICAL MATERIAL

CONTROLS The control group of 55 subjects consisted of
29 women (aged 15 to 65, average 38 years) and 26 men
(aged 9 to 67, average 42 years). They were either healthy
members of the medical staff or patients in whom
disease of the gastrointestinal tract had been excluded
as far as possible by ordinary medical examination
during a period in hospital.

ULCERATIVE COLITIS AND CROHN'S DISEASE There were
82 patients with ulcerative colitis or Crohn's disease,
43 women (aged 10 to 75, average 36 years) and 39 men
(aged 12 to 74, average 33 years). The differential diag-
nosis between ulcerative colitis and Crohn's disease
rested upon histopathological and radiological examina-
tions and upon generally accepted, anamnestic, and ob-
jective clinical criteria. In 32 patients a conclusive his-
topathological diagnosis according to the criteria des-
cribed by Lockhart-Mummery and Morson (1960) was
made on specimens removed by intestinal resection. In
four operated cases a clear classification was not possible.
In 37 patients biopsy specimens from the rectum and
small bowel did not allow a definite, histopathological
conclusion. Nine patients had no histopathological ex-
amination at the time of study. In all patients the radio-
logical examination included stomach, small bowel
series, and barium enemas. Most cases were examined
repeatedly at intervals. Involvement of the terminal
ileum or other parts of the small bowel, segmentary
distribution of the lesions, and mucosal fissures with
'cobblestone' configuration were considered typical of
Crohn's disease. When the colon alone was involved

with a blurred mucosal picture, ulceration and spicula
formation the appearance was considered typical of
ulcerative colitis.

After a careful study of each case the material was
differentiated into 36 cases of ulcerative colitis (18 women
and 16 men) and 34 cases of Crohn's disease (18 women
and 16 men). Twelve cases could not be classified with
certainty (seven women and five men).

OTHER GASTROINTESTINAL DISORDERS The third group
comprised 31 patients with various gastrointestinal
disorders unrelated to ulcerative colitis or Crohn's disease
(14 women, aged 17 to 65, average 38 years, and 17 men,
aged 15 to 70, average 43 years). The diagnoses were:
idiopathic steatorrhoea (4 cases), duodenal ulcer (3),
Schonlein-Henoch purpura (3), acute gastroenteritis or
enteritis (3), intestinal lymphangiectasia (2), chronic
diarrhoea of unknown aetiology (2), sequelae of small
bowel resection (2), postgastrectomy syndrome (1),
adenocarcinoma of the colon with peritoneal carcinosis
(1), exsudative enteropathy (1), diffuse eosinophilic,
granulomatous affection of the small bowel (1), chylo-
ascites, chylothorax, and malabsorption (1), acquired
hypogammaglobulinaemia with malabsorption (1),
thrombosis of the superior, mesenteric artery with the
malabsorption syndrome (1), chronic pancreatitis (1),
melanosis of the rectum (1), intestinal mastocytosis (1),
exfoliative erythrodermia with haemorrhagic diarrhoea
(1), and systemic scleroderma with gastrointestinal involve-
ment (1).

METHODS

LEUCOCYTE MIGRATION TEST The capacity of com-
ponents of various tissues to induce specific inhibition
of the migration of peripheral leucocytes was estimated
in vitro by means of the leucocyte migration test, which
has been described in detail elsewhere (Bendixen and
S0borg, 1969) and will only be briefly outlined. Hepari-
nized blood from a cubital vein is left to form a sediment
for one hour at 37°C. The plasma is withdrawn and the
white bloodcells are washed three times in Hank's balanced
salt solution. The cell suspension is transferred to capillary
tubes, and the leucocytes (approximately 50% granu-
locytes and 50% lymphocytes) are allowed to migrate for
24 hours from the open end of the capillary tube along the
plain bottom of a 1 ml tissue-culture chamber containing
TC 199 with 10% horse serum (Figs. la and b). The
circular migration area is measured by paper planimetry.
The migration areas of a series of cultures without antigen
are put up in parallel to the migration areas of a
series of antigen-containing cultures to calculate the
migration index which indicates inhibition if the value
is below, and stimulation if the value is above, unity.

PREPARATION OF ANTIGENS Foetal tissue was recovered
and prepared aseptically in order to avoid contamination
with bacterial antigen. The mucosa of the foetal colon and
small bowel was easily stripped from the muscular wall.
Microscopic examination showed that the separation
took place in the submucosae. The mucosae of eight to

632

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://gut.bm

j.com
/

G
ut: first published as 10.1136/gut.10.8.631 on 1 A

ugust 1969. D
ow

nloaded from
 

http://gut.bmj.com/


Cellular hypersensitivity to components of intestinal mucosa in ulcerative colitis and Crohn's disease 633

F-ic,. la. FIG. 1 b.

FIG. 1. Twenty-four hour leucocyte migration cultures from a patient with ulcerative colitis: (a) nothing added,
(b) inhibition of migration induced by extract of colonic mucosa.

10 colons or small intestines were cut in small bits,
pooled separately, washed twice in Hank's balanced
salt solution, homogenized in a Warren blender at 15,000
rpm for four minutes, left at 4°C for 24 hours, and
centrifuged at 1,000 g for 20 minutes. The supernatant
was separated, lyophilized, and stored at 4°C. Before use
the lyophilized mucosal extracts were reliquified with
the proper volume of sterile water, and the solution was
standardized by protein determination (Lowry's method).
The concentration of intestinal mucosa protein in the
cultures was nonnally 50 gtg per ml culture medium,
which appeared to be the highest concentration not
causingnon-specific inhibition in normal controls. Extracts
of liver, kidney, and adrenal glands were prepared in the
same way. The highest, non-toxic concentration as meas-
ured by protein contents proved to be 100 ,ug per ml
with kidney extract, 150 ztg per ml with liver extract, and
200 Hg per ml with adrenal extract. With liver non-specific-
stimulation was sometimes seen. In the first part of the
study more crude tissue homogenates were employed as

.12 r r

3. '..
.Q6

..Antigen: colon
rnan: 0-95

t
mucosa Antigen: small intestine

mucosa

mean: 0O94

sVAI Normal range (mean ±2SD)

FIG. 2. Leucocyte migration test in normal material, with
extracts of foetal, colonic, and jejunoileal mucosa in 55
controls.

centrifugation was omitted. Comparison of the crude
and the purified homogenates (extracts) showed that the
preparations were tolerated equally well by the leucocytes
as measured by the migration capacity. The potency for
inducing specific inhibition of the migration appeared to
be confined to the supernatant, as the two preparations
had the same activity per microgram soluble protein
and as no activity was left in the washed sediment.

RESULTS

CONTROLS The normal range (mean ± 2 SD) of
the leucocyte migration test with colonic and je-
junoileal extracts was calculated on the basis of 55
controls as presented in Figure 2. The leucocyte
migration was barely influenced by the presence of
colonic (migration index = 079 to 1.11) or je-
junoileal (migration index = 0 78 to 1.10) extracts
in the concentration employed. With kidney extract
a normal range (mean ± 2 SD) of 0 81 to 1 11 was
calculated on the basis of 19 controls; with liver
extract similarly a normal range of 0-86 to 1.22 was
calculated on the basis of 10 controls; and with
adrenal extract a normal range of 0.83 to 1-07 was
calculated on the basis of 18 controls.

ULCERATIVE COLITIS AND CROHN S DISEASE The
correlation between the leucocyte migration test
with colonic and jejunoileal extracts and the diag-
nosis is presented in Figure 3. It appears that in a
majority of the cases diagnosed as ulcerative colitis
leucocyte migration in vitro is inhibited by com-
ponents of normal, foetal intestinal mucosa,
colonic as well as jejunoileal, and that a similar
reactivity is infrequent in cases diagnosed as Crohn's
disease. The distribution of the migration index
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five showed inhibition in the leucocyte migration
Unclassified test with colonic or jejunoileal homogenates. The

diagnoses were (1) adenocarcinoma of the colon with
peritoneal metastases; (2) exfoliative erythrodermia

* m/ Ng/ with haemorrhagic diarrhoea; (3) Schonlein-Henoch
purpura; (4) intestinal mastocytosis; and (5) un-
specified, acute enteritis associated with severe
haemorrhagic diarrhoea. The migration index of

; the patient with Schonlein-Henoch purpura was
significantly inhibited by kidney extract as well.
Clinically he had, besides initial diarrhoea, severe
renal involvement with microscopically verified pro-
liferative glomerular changes and impaired renal

. function. The remaining 26 patients in this group,
CM J M including two additional cases of Schonlein-Henoch

purpura, all had normal migration index values
iean ± 2 SD) with colonic as well as jejunoileal extracts.

FIG. 3. Leucocyte migration test in 36patients with ulcera-
tive colitis, 34 patients with Crohn's disease, and 12
unclassified cases. Antigen: pooled extract of foetal,
colonic (CM), or jejunoileal mucosa (JM).

values is significantly different from the normal
(p< 0-001) in ulcerative colitis as well as in the Crohn
(p< 0.001) material. In Crohn's disease only a few
indices are below normal, and distribution does
not differ significantly from the normal material.
The ulcerative colitis group included seven cases
of haemorrhagic proctitis without other signs of
gastrointestinal involvement and in good general
condition. Five of these had migration index
values within the normal range. The Crohn material
included 14 cases with the terminal ileum affected
only. This group did not differ significantly from the
remaining 20 Crohn patients with colonic involve-
ment.
With kidney extract the migration index was

within the normal range in 79 of the 82 patients with
ulcerative colitis or Crohn's disease and below
normal in three cases (0.79, 0.80, and 0.62). Two of
these had normal migration index values with colonic
as well as jejunoileal antigen (one case of ulcerative
colitis and one case of Crohn's disease). In the third
patient the inhibition of kidney extract could not
be reproduced at repeated examinations, whereas the
migration index with intestinal mucosa antigens
remained below normal (one case of ulcerative
colitis). In none of these three patients could nephro-
pathy be demonstrated. The patients examined with
liver (14) and adrenal (12) extracts had migration
index values within the respective normal ranges.

OTHER GASTROINTESTINAL DISEASES Of the 31
patients with various gastrointestinal diseases
unrelated to ulcerative colitis and Crohn's disease,

DISCUSSION

Examination of 82 patients with ulcerative colitis or
Crohn's disease showed that the migration of peri-
pheral leucocytes in vitro was inhibited by foetal,
colonic, or jejunoileal mucosa components in 31
cases. The group showing inhibition appeared to
coincide more or less with the cases diagnosed as
ulcerative colitis, whereas inhibition was seldom
found in patients with Crohn's disease. The study
thus clearly reveals a biological difference between the
two conditions, which are otherwise separable
mainly on nosographic criteria. As the leucocyte
migration wasnot inhibited byextracts of other organs
(kidney, liver, adrenal gland), the reactivity seems
to be associated with certain component(s) of intes-
tinal mucosa.
Lymphocytes of the peripheral blood can be

assumed to possess immunological competence, and
the technique thus makes it possible to register the
effect of an antigen upon a mixture of immuno-
competent cells derived from several sites.
Animal experiments with immunocompetent cells
from peritoneal exudate, lymph nodes, spleen,
bone marrow, and peripheral blood indicate that
the migration inhibition response is a parameter of
cellular hypersensitivity (Rich and Lewis, 1932;
Moen and Swift, 1936; Raffel, 1948; Heilman,
Howard, and Carpenter, 1958; Darlington and
Scherago, 1960; Johnson and Scherago, 1960;
Svejcar and Johanovsk', 1961; George and Vaughan,
1962; Heilman, 1963; Carpenter and Brandriss,
1964; David, 1964a and 1964b) and a cell population
from human peripheral blood has been shown to
possess the same kind of reactivity (S0borg and
Bendixen, 1967; S0borg 1967 and 1968).
On account of the antigenic heterogeneity of the
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present model one should consider whether the
immunobiological mechanisms behind the reactivity
observed are of a similar nature. Whether extra-
cellular immunoglobulins could have any influence
upon the reactivity observed should also be con-
sidered. It is assumed that all detectable antibody
is removed from the cell surfaces through four cell
washings (Favour, 1964), whereas possible cytophilic
antibody (Sorkin, 1963) remains fixed on the cells.
Thus all capacity for specific immunological re-
activity entering the system is primarily derived
from cell-associated material. Furthermore it can be
demonstrated that the addition of serum from
patients with a positive leucocyte migration test does
not convey the specific reactivity to normal control
cultures (Bendixen and S0borg, 1968b).

Antigen-induced synthesis in vitro and excretion
of specific immunoglobulin would mean a correlation
with humoral hypersensitivity in vitro, but cannot
be expected to occur within the brief culture period
of 24 hours and accordingly cannot be regarded as
a cause of the inhibition. This possibility is further
excluded by the fact that the inhibition can some-
times be observed as early as four hours after the
start of the migration. Inhibition of the migration
released by blood group isoantibody reacting with
isoantigen of the surface of the migrating cells
can be excluded likewise, as the culture medium
is prepared with horse serum. With the heterogenous
antigen employed in the present study cell material
containing foetal blood group isoantigen is in-
troduced into the system, but again interaction with
isoantibody cannot influence the reaction, as
homologous serum is not present. Blood residue in
the foetal tissue extracts might contain maternal
isoantibody, which could possibly influence the
migration of cells with a corresponding isoantigenic
pattern. As, however, inhibition was not observed in
normal controls and occurred quite unrelated to the
blood types of the cell donors this possibility can be
ruled out.

In the light of these considerations extracellular
immunoglobulins can probably be excluded as being
responsible for the migration inhibition, and it
seems relevant to look for a mediator of specific
reactivity belonging to or derived from the cells
proper, primarily the lymphocytes, as these cells in
similar systems have been found to be potent carriers
of specificity (David et al, 1964b; David, 1966;
Bloom and Bennett, 1966; Thor, 1967). The existence
of lymphocyte-derived factors with the ability to
mediate the cellular immune response has been
confirmed in migration culture experiments. Bloom
and Bennett (1966), Bennett and Bloom (1967), and
David (1966) have demonstrated that peritoneal
exudate lymphocytes from tuberculin hypersen-

sitive guinea pigs upon interaction with the
specific antigen produce a soluble, non-dialyzable
material, which inhibits the migration in vitro of
normal peritoneal exudate cells, and Svejcar et al
(1967a and b) have found a similar mediator of
specific reactivity in spleen cell cultures. In man
Thor (1967) has reported that an RNA fraction of
hypersensitive human lymph node cells can convey
to precultured, normal lymph node cells the capacity
for specific, antigen-induced inhibition in migration
cultures. These factors are probably different from
the transfer factor of Lawrence (1960), but at present
no further conclusion can be drawn as to the identity
or interrelationship of soluble, lymphocyte-derived,
extracellular mediators of cellular hypersensitivity.
Consequently it is not possible at the moment to
give a full explanation of the immunobiological
mechanisms behind the specific, antigen-induced
inhibition of white cell migration. The above con-
siderations, however, all tend to indicate that the
antigen-induced inhibition of leucocyte migration is
unrelated to extracellular immunoglobulins and is
mediated by specifically reactive lymphocytes. This
implies that the reactivity is a correlate in vitro of
cellular hypersensitivity.
With this background the present findings suggest

an association between ulcerative colitis and a state
of organ-specific, cellular hypersensitivity directed
towards antigen components of normal, foetal,
colonic, or jejunoileal mucosa. Cell-mediated,
organ-specific hypersensitivity reactions may accord-
ingly be involved in the pathogenesis of ulcerative
colitis. A similar reactivity is not associated with the
clinical syndrome known as Crohn's disease. This
finding, however, does not necessarily indicate that
the two syndromes are aetiologically different. The
differences in clinical picture, organic involvement,
and course of disease may just as well primarily
depend upon individual variations in immuno-
logical reactivity to the same aetiological agent. The
occurrence in both syndromes of normal and sub-
normal migration indices may support this point of
view. The low frequency of abnormal leucocyte
migration tests in the Crohn group might advocate
the use of the leucocyte migration test as a supple-
mentary differential diagnostic procedure in the
two conditions, especially if a more specific antigenic
component could be isolated.
The leucocyte migration was inhibited by intes-

tinal mucosa components in five out of 31 patients
with various gastrointestinal diseases unrelated to
ulcerative colitis and Crohn's disease. The reactivity
thus does not seem to be a common feature of gas-
trointestinal disorders on the whole. On the con-
trary, it was an expected finding in, for example,
Schbnlein-Henoch purpura, in exfoliative dermatitis

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://gut.bm

j.com
/

G
ut: first published as 10.1136/gut.10.8.631 on 1 A

ugust 1969. D
ow

nloaded from
 

http://gut.bmj.com/


636 Gunnar Bendixen

with intestinal involvement, and in adenocarcinoma
ofthecolon (Gold, Gold, and Freedman, 1968). These
findings indicate that further applications of the
technique in the field of gastroenterology will be of
interest, preferably with more specific antigenic
material.

This study was supported by the Danish State Foundation
for Science, P. Carl Petersen's Foundation, andtheNOVO
Foundation. The author thanks Miss Lidy M. Broersma
for competent technical assistance.

REFERENCES

Bendixen, G. (1967). Specific inhibition of the in vitro migration of
leucocytes in ulcerative colitis and Crohn's disease. Scand.
J. Gastroent., 2, 214-221.
(1968). Organ-specific inhibition of the in vitro migration of
leucocytes in human glomerulonephritis. Acta med. scand.,
184,99-103.

-, and Soborg, M. (1968). Unpublished observations.
- (1969). A leucocyte migration technique for in vitro
detection of cellular (delayed type) hypersensitivity in man.
Dan. med. Bull., 16, 1-6.

Bennett, B., and Bloom, B. R. (1967). Studies on the migration in-
hibitory factor associated with delayed-type hypersensitivity:
Cytodynamics and specificity. Transplantation, 5, 996-1000.

Bloom, B. R. and Bennett B. (1966). Mechanism of a reaction .n vitro
associated with delayed type-hypersensitivity. Science, 153,
80-82.

Carpenter, R. R., and Brandriss, M. W. (1964). In vitro studies of
cellular hypersensitivity. II. Relationship of delayed hyper-
sensitivity and inhibition of cell migration by picrylated
proteins. J. exp. Med., 120, 1231-1243.

Darlington, R. W., and Scherago. M. (1960). The in vitro sensitivity
to brucellergen of leucocytes from guinea pigs experimen-
tally infected with Brucella abortus. J. infect. Dis., 106, 106-110.

David, J. R. (1966). Delayed hypersensitivity in vitro: its mediation
by cell-free substances formed by lymphoid cell-antigen
interaction. Proc. nat. Acad. Sci. (Wash.), 56, 72-77.
Al-Askari, S., Lawrence, H. S., and Thomas, L. (1964a).
Delayed hypersensitivity in vitro. I. The specificity of inhibition
of cell migration by antigens. J. Immunol., 93, 264-273.
Lawrence, H. S., and Thomas, L. (1964b). Delayed hypersensi -

tivity in vitro. II. Effect of sensitive cells on normal cells in the
presence of antigen. Ibid., 93, 274-278.

Favour, C. B. (1964). Antigen-antibody reactions in tissue culture.
In Immunological methods, edited by J. F. Ackroyd, p. 195-
223. Blackwell, Oxford.

Fletcher, J.,and Hinton, J. M. (1967). Tuberculinsensitivity in Crohn's
disease. Lancet, 2, 753-754.

George, M., and Vaughan, J. H. (1962). In vitro cell migration as a
model for delayed hypersensitivity. Proc. Soc. exp. Biol. (N. Y.),
111, 514-521.

Gold, P., Gold, M., and Freedman, S. 0. (1968). Cellular location
of carcinoembryonic antigens of the human digestive system.
Cancer Res., 28, 1331-1334.

Heilman, D. H., Howard, D. H., and Carpenter, C. M. (1958). Tissue
culture studies on bacterial allergy in experimental brucellosis.
I. The effect of brucella suis whole antigen on cultures of spleen
from normal and brucella-infected guinea pigs. J. exp. 7Wed.,
107, 319-332

-(1963). Tissue culture methods for studying delayed allergy:
a review. Tex. Rep. Biol. Med., 21, 136-157.

Johnson, R. W., and Scherago, M. (1960). The effect of histoplasmin
in vitro on the migration of leucocytes from guinea pigs ex-

perimentally infected with Histoplasma capsulatum. Amer.
Rev. resp. Dis., 81, 96-99.

Kraft, S. C., and Kirsner, J. B., (1966). Present status of immuno-
logical mechanisms in ulcerative colitis. Gastroenterology,
51, 788-801.

Lagercrantz, R., Hammerstrom, S., Perlmann, P., and Gustafsson'
B. E. (1966). Immunological studies in ulcerative colitis. III.
Incidence of antibodies to colon-antigen in ulcerative colitis
and other gastrointestinal diseases. Clin. exp. Immunol., 1,
263-276.

Lawrence, H. S. (1960). Some biological and immunological proper-
ties of transfer factor. In Ciba Foundation Symposium on
Cellular Aspects ofImmunity, edited by G. E. W. Wolstenholme
and M. O'Connor, p. 243-279. Churchill, London.

Lockhart-Mummery, H. E., and Morson, B. C. (1960). Crohn's
disease (regional enteritis) of the large intestine and its dis-
tinction from ulcerative colitis. Gut, 1, 87-105.

Moen, J. K., and Swift, H. F. (1936). Tissue culture studies on bac-
terial hypersensitivity I. Tuberculin sensitive tissues, J. exp.
Med., 64, 339-353.

Nerup, J., Andersen, V., and Bendixen, G. (1969). Antiadrenal,
cellular hypersensitivity in Addison's disease. Clin. exp. Immu-
nol., 4, 355-363.

Perlmann, P., and Broberger, 0. (1962). The possible role of im-
mune mechanisms in tissue damage in ulcerative colitis. In
Mechanism of Cell and Tissue Damage Produced by Immune
Reactions, edited by P. Graber and P. Miescher, p. 288-302.
Schwabe, Basle.

Phear, D. N. (1958). The relation between regional ileitis and sarcoi-
dosis. Lancet, 2, 1250-1251.

Raffel, S. (1948). The components of the tubercle bacillus respon-
sible for the delayed type of 'infectious' allergy. J. infect. Dis.,
82, 267-293

Rich, A. R., and Lewis, M. R. (1932) The nature of allergy in tuber-
culosis as revealed by tissue culture studies. Bull. Johns Hopk.
Hosp., 50, 115-131.

Sorkin, E. (1963). Cytophilic antibody. [n The Immunologically
Competent Cell, edited by G. E. W. Wolstenholme and J.
Knight, p. 38-61. Churchill, London

Svejcar, J., and Johanovsky, J. (1961) Demonstration of delayed
(tuberculin) type hypersensitivity in vitro. I. Selection of
methods. Z. Immun. Forsch., 122, 398-419.

-, , and Pekarek, J. (1967a). Studies on the mechanism of
delayed type hypersensitivity in tissue culture. X. The ability
of substances released during cultivation of hypersensitive
spleen cells with antigen to influence migration activity of
normal cells. Ibid, 133, 187-198.

(1967b). Studies on the mechanism of delayed type
hypersensitivity in tissue cultures. XI. The influence of the sub-
stances released during the cultivation of lymph node cells
from sensitized organism with antigen on the migration activity
of normal spleen cells. Ibid., 133, 259-274.

Soborg, M. (1967). In vitro detection of cellular hypersensitivity in
man. Specific migration inhibition of white blood cells from
brucella-positive persons. Acta. med. scand., 182, 167-174.

(1968). In vitro migration of peripheral human leucocytes in
cellular hypersensitivity. Ibid., 184, 135-139.

,and Bendixen, G. (1967). Human lymphocyte migration as a
parameter of hypersensitivity. Ibid., 181, 247-256.

Taylor, K. (1965). Immune mechanisms in gastroenterology. In
Recent advances in gustroenterology, edited by J. Badenoch
and B. N. Brooke, p. 24-48. Churchill, London.

Thor, D. E. (1967). Delayed hypersensitivity in man: A correlate in
vitro and transfer by an RNA extract. Science, 157, 1567.

Watson, D. W., Styler, H. J., and Bolt, R. J. (1965). The autologous
leukocyte skin test in patients with ulcerative colitis. Gastro-
enterology, 49, 649-655.

Weeke, B., and Bendixen, G. (1969). Serum immunoglobulins and
organspecific, cellular hypersensitivity in ulcerative colitis
and Crohn's disease. Scand. J. Gastroent., in press.

Williams, W. J. (1963). The laboratory diagnosis of Crohn's syndrome.
Proc. roy. Soc. Med., 56, 490.

Wright, R., and Truelove, S. C. (1966). Auto-immune reactions in
ulcerative colitis. Gut, 7, 32-40.

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://gut.bm

j.com
/

G
ut: first published as 10.1136/gut.10.8.631 on 1 A

ugust 1969. D
ow

nloaded from
 

http://gut.bmj.com/

