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SUMMARY The histological findings and the number of immunoglobulin-containing cells in gastric
and duodenal biopsies from patients with Crohn's disease of the large or small bowel, or both,
with and without upper gastrointestinal complaints, are reported and compared with those of
healthy controls and patients with chronic non-specific gastritis and duodenitis. The gastric and
duodenal biopsies from patients with Crohn's disease showed a higher incidence of chronic
non-specific inflammation and a significant increase of IgM-containing cells compared with heal-
thy controls. The increase of IgM-containing cells in the lamina propria cannot be explained by
the high incidence of chronic non-specific inflammation, a condition shown to have increased
numbers of IgM-containing cells as well, since patients with Crohn's disease of the ileum or colon,
or both, without histological abnormalities of the gastric and duodenal mucosa also showed an
increase of IgM-containing cells. It is concluded that both the high incidence of chronic non-
specific inflammation in gastric and duodenal biopsies and the increased number of IgM-
containing cells are an expression of Crohn's disease as a systemic disorder of the gastrointestinal
tract.

Crohn's disease is a focal, chronic often
granulomatous inflammatory condition of the gas-
trointestinal tract that may affect any part of it but
has a preference for the small and large bowel.
Besides typical epithelioid cell granulomas the
bowel wall shows transmural, often focal, mononuc-
lear infiltrates consisting of lymphocytes, histiocytes
and plasma cells. Recent histological and
immunopathological studies suggest that Crohn's
disease is a generalised disorder of the gastrointesti-
nal tract. Thus Sommers and Korelitz' found his-
tological abnormalities in gastric and duodenal biop-
sies in 19 of 45 patients with Crohn's disease of
ileum and colon without radiological evidence of
disease in the upper gastrointestinal tract. Twelve
lesions localised in the gastric antrum or duodenal
bulb were considered suggestive of Crohn's disease.
Basu et a12 found non-specific focal lymphocytic
infiltrates in the macroscopically normal oral
mucosa in 67% of patients with Crohn's disease of
the ileum and colon.

Accepted for publication 28 January 1982

Earlier studies of immunoglobulin (Ig)-containing
cells have yielded conflicting results, probably due to
difficulties in measurement of Ig-containing cells by
immunofluorescence. However, recent studies of
Ig-containing cells in affected parts of the bowel wall
of patients with Crohn's disease have shown an
increase in number of Ig-containing cells, especially
IgG and IgM-containing cells.34 One of these
studies also showed an increase in the number of
IgM-containing cells in parts of the bowel wall not
apparently involved by Crohn's disease. These
findings suggest that Crohn's disease is a generalised
disorder of the entire gastrointestinal tract with pre-
ference sites in ileum and colon.

In the present study we have investigated both
histologically and immunohistochemically gastric
and duodenal biopsies of patients with Crohn's dis-
ease of the ileum and colon with and without upper
gastrointestinal complaints. We have compared the
histological and immunohistochemical findings in
these biopsies with those of patients with gastritis
and duodenitis and of 10 healthy volunteers. The
results showed that patients with Crohn's disease of
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the ileum and colon without upper gastrointestinal
complaints have a higher incidence of histological
abnormalities in their gastric and duodenal biopsies
and a higher number of IgM-containing cells in the
lamina propria of the stomach and the duodenum
than healthy volunteers.
These findings are interpreted as evidence for the

assumption that Crohn's disease is a generalised dis-
order of the gastrointestinal tract.

Patients

Three groups of individuals were examined.
(i) Twenty-two patients, 10 men, 12 women, with

Crohn's disease of the ileum, colon, or both. Their
mean age was 37 yr (range 20-68 yr). The diagnosis
was based on clinical, radiological and histological
criteria.5'- Sixteen patients were subjected to a

bowel resection: (ileocaecal resection 12 patients;
colectomy 3 patients; jejunectomy 1 patient). All
the specimens examined showed in the mucosa dis-
proportionate inflammation and basal cryptitis
either granulomatous or with an infiltrate of histio-
cytes and eosinophilic granulocytes. Moreover all the
specimens had aphtous or fissure-like ulcerations
extending onto or into the muscularis propria,
transmural fibrosis and transmural lymphocyte
infiltrations. Multinucleated giant cells were found
in two patients and epithelioid cell granulomata in
seven patients. In two patients the histological diag-
nosis was based on colonic biopsies showing basal
histiocytic cryptitis and epithelioid cell granulomata.
In four patients the diagnosis was based on clinical
and radiological criteria. These patients showed a

typical ileitis terminalis radiologically. Colonic biop-
sies in these patients showed focal lymphohistiocytic
infiltrates and basal histiocytic cryptitis but
epithelioid cell granulomata were not found. At the
time of biopsy Crohn's disease was either active or
quiescent. Ten patients received sulphasalazine or
corticosteroids, or both, and 12 received no medical
treatment. Five patients suffered from non-ulcer

dyspepsia, the others had no upper gastrointestinal
complaints.

(ii) Ten healthy volunteers (nine men, one
woman) without abdominal complaints served as

controls. Their mean age was 31 yr (range 20-54
yr). Informed consent was obtained. All volunteers
had normal gastric and duodenal mucosa as judged
by the criteria of Kreuning et al.9

(iii) Ten patients (eight men, two women), mean

age 42 yr (range 23-62 yr), with chronic non-
specific duodenitis, gastritis, or both, served as con-

trols. The diagnosis was based on the histological
criteria described by Whitehead6 and Kreuning.9
The histological findings in the biopsies of these
patients are listed in Table 1.

Material and methods

Upper gastrointestinal endoscopy was performed
using a fibreoptic endoscope. Twelve biopsies were

taken from standard sites, five from the duodenum
and seven from the stomach as described by Kreun-
ing.9 The biopsy specimens were extended on a

gauze with the luminal site up and fixed for four
hours in a sublimate-formaline mixture for optimal
demonstration of Ig-containing cells.10-12
Next tissue samples were embedded in paraplast,

cut in sections (4 um thick) perpendicular to the
luminal surface and mounted on glass slides. Sec-
tions were stained with haematoxylin and eosin, and
periodic acid-Schiff. Biopsies taken from the
duodenal bulb, from the gastric antrum and from the
gastric fundus were stained specifically for IgA, IgM,
IgG and IgE heavy chains, using an indirect
immunoperoxidase technique."' Appropriate con-
trols were done according to Sternberger'3 and
Rosekrans et al.'4 Rabbit antisera against IgA, IgM
and IgG heavy chains were purchased from
Dakopatts (Denmark). The rabbit antisera against
IgE heavy chains were purchased from the Central
Laboratory of the Netherlands Red Cross Blood
Transfusion Service, Amsterdam. The specificity

Table 1 Histological findings in patients with chronic non-specific duodenitis or gastritis, or both

Duodenum Gastric antrum Gastric fundus

1 chron duodenitis chron gastritis + atrophy chron superf gastritis
2 chron duodenitis act chron gastritis normal
3 normal act chron gastritis + atrophy chron superf gastritis
4 chron duodenitis chron gastritis + atrophy normal
5 act chron duodenitis act chron gastritis + atrophy chron gastritis + atrophy
6 chron duodenitis chron gastnrtis + atrophy normal
7 act chron duodenitis normal normal
8 foc act chron duodenitis foc act chron gastritis + atrophy normal
9 chron duodenitis foc act chron gastritis + atrophy chron gastitis + atrophy
10 chron duodenitis normal normaT
chron = chronic, act = active, foc = focal, superf = superficial.
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of the antisera was confirmed by immunoelec-
trophoresis, immunofluorescence and immuno-
peroxidase stainings on bone marrow preparations
monoclonal for IgA, IgM or IgG heavy chains and
their respective K or X light chains. The IgE anti-
serum showed no reaction with the monoclonal
bone marrow preparations and was checked for tis-
sue performance using sections from a tonsil of an

atopic patient. These tonsils are known to contain
increased numbers of IgE-containing cells. Horse-
radish peroxidase-labelled goat antirabbit IgG was

obtained from Miles (Yedah, Israel). The IgA-,
IgM-, IgG-, and IgE-stained sections were used for
morphometrical analysis. Immunoperoxidase-
stained sections were photographed on transparen-
cies with a standard magnification (100, 8x) and
projected on a graphic tablet interfaced to a compu-
ter (Ibas I, Kontron, Munchen). The lamina propria
area was limited by two lines perpendicular to the
muscularis mucosa and this area was measured per

mm muscularis mucosa length. Every transparency
contained approximately one millimetre of mus-

cularis mucosa. The number of Ig-containing cells
was counted in approximately the same area in three
consecutive sections and expressed per 0-1 mm2
lamina propria and per 05 mm muscularis mucosa.

The latter is comparable with the "mucosal tissue
unit" constituting a 6 Am thick and 0X5 mm wide
block of tissue including the mucosa at full height
from the muscularis mucosa described by Brand-
tzaeg and Baklien.'5 Biopsies from the gastric fun-
dus as a rule contained no or insufficient muscularis

mucosa. In these tissue sections the number of Ig-
containing cells was expressed per 0-1 mm2 lamina
propria of the foveolar layer and per 01 mm2 glan-
dular layer. Statistical analysis was performed
according to the Wilcoxon rank test; p < 0-05 was

adopted as a level of significance.

Results

The histological findings in gastric and duodenal
biopsies of patients with Crohn's disease of the
ileum, colon, or both, are listed in Table 2. As
shown chronic non-specific inflammation-that is,
gastritis and duodenitis was encountered frequently
in the biopsies of patients with Crohn's disease in
contrast to the biopsies of healthy volunteers in
which no histological abnormalities were found.
Sometimes chronic non-specific inflammation fol-
lowed a focal pattern; an example is given in Fig. 1.
No granulomas were found. In healthy controls the
number of Ig-containing cells was lowest in the
fundus of the stomach, the vast majority of cells
being present in the foveolar layer with only a

sporadic cell in the glandular layer. In the antrum
Ig-containing cells were more frequent whereas the
highest number was found in the duodenal bulb
(Tables 3 and 4). As in other parts of the intestine,
IgA-containing cells predominated; IgM-containing
cells came second in frequency; IgG-containing cells
were less frequent, and no IgE-containing cells were
found except for a sporadic cell in an antral biopsy in
a patient with Crohn's disease. A significant increase

Table 2 Histological findings in gastric and duodenal biopsies from 22 patients with Crohn's disease ofthe ileum, colon, or
both

Duodenum
Normal
Chron non-specific duodenitis
Act chron non-specific duodenitis
Foc act chron non-specific duodenitis
Inflammation-scar

Antrum
Normal
Foc chron non-specific gastritis
Act chron non-specific gastritis
Foc act chron non-specific gastritis
Chron non-specific gastritis with atrophy
Act chron non-specific gastritis with atrophy
Foc act chron non-specific gastritis with atrophy

(2 *

(1 *

(3)*

MI*
( I*

(orpus
Normal (4)*
Chron non-specific gastritis
Foc chron non-specific gastritis
Foc act chron non-specific gastritis (1I)*
Chron non-specific gastritis with atrophy
Foc act chron non-specific gastritis with atrophy
TIotal atrophic chron non-specific gastritis with pseudopyloric metaplasia

*Number of patients with upper gastrointestinal complaints.
Ten healthy volunteers showed no histological abnormalities.
chron = chronic, act = active, foc = focal.

13/22
1/22
4/22
3/22
1/22

10/22
1/22
1/22
4/22
2/22
2/22
2/22

15/22
1/22
1/22
1/22
1/22
2/22
1/22
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4t

Fig. 2 Histologically normal biopsy from the duodenal
bulb ofa patient with Crohn's disease showing a high
number ofIgM-containing cells. Immunoperoxidase xO00.

*.

Fig. I (Above) Biopsy from gastric fundus ofa patient
with Crohn's disease showing focal non-specific
inflammation. Haematoxylin and eosin x40. (below) detail
ofthe above infiltrate x 125.

of IgM-containing cells was found in the duodenal
bulb (Fig. 2), the antrum and foveolar layer of the
fundus of the stomach in biopsies of patients with
Crohn's disease as compared to healthy controls.
Both the number of IgM-containing cells per 0-5
mm muscularis mucosa (Table 4) and per 0-1 mm2
lamina propria area (Table 3) differed significantly.
The number of IgG-containing cells was increased
but due to a large variation between individuals,
these results were not always significant (Tables 3
and 4). Plasma cells form an important constituent

of the inflammatory infiltrate in chronic non-specific
gastritis and duodenitis. This is reflected by the high
number of Ig-containing cells in biopsies from
patients with gastritis and duodenitis. The increase
of Ig-containing cells in these patients is caused
mainly by IgA-containing cells and to a lesser extent
by IgM- and IgG-containing cells (Tables 3 and 4).
Since gastritis and duodenitis were frequently found
in patients with Crohn's disease we compared biop-
sies from patients with Crohn' s disease without
histological abnormalities with biopsies from
healthy volunteers (Tables 5 and 6). As shown
patients with Crohn's disease without histological
abnormalities had a significantly higher number of
IgM-containing cells compared to healthy controls.
The number of IgA-containing cells in biopsies from
the duodenal bulb did not differ significantly result-
ing in a higher IgM:IgA ratio.
However, the number of IgA-containing cells in

gastric biopsies from patients with Crohn's disease
without histological abnormalities of the gastric
mucosa was increased when compared to healthy
volunteers. No significant differences in IgM-
containing cells were found between patients with
Crohn's disease and chronic non-specific inflamma-
tion and patients with gastritis and duodenitis
though biopsies of patients with Crohn's disease
showed a tendency towards higher relative numbers
of IgM-containing cells. The number of IgG-
containing cells showed a marked variation. In biop-
sies without histological abnormalities the number
of IgG-containing cells was low and differed only
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Table 3 Mean absolute number of Ig-containing cells in gastric and duodenal biopsies per 0-1 mm2 lamina propria area

IgA IgM IgG

Healthy volunteers (n = IO)
Duodenal bulb 185 + 90 22 13 5 9
Gastric antrum 25+ 14 1 I I I
Foveolar layer of gastric fundus 17 + 20 1 II 1 I

Morbus Crohn (n = 22)
Duodenal bulb 167 52 (NS) 54 30 (p = 0.004) 23 20 (p = 0.01)
Gastric antrum 87 + 56 (p = 0-003) 16 18 (p = 0-002) 12 20 (p = 0.003)
Foveolar layer of gastric fundus 72 39 (p = 0.005) 15 15 (p = 0.002 4 ± 6 (NS)

Duodenitislgastritis (n = 10)
Duodenal bulb 283 124 (NS) 48 33 (NS) 8 ± 14 (NS)
Gastric antrum 149 + 87 (p = 0.002) 16 13 (p = 0.002) 24 ± 30 (p = 0.005)
Foveolar layer of gastric fundus 154 ± 125 (p = 0.009) 19 23 (p = 0.014) 22 ± 38 (p = 0.03)

NS = not sirnificant.
p values indicate levels of significance versus healthy volunteers.

Table 4 Mean absolute number ofIg-containing cells in gastric and duodenal biopsies per 0-5 mm muscularis mucosae
("mucosal tissue unit")

IgA

Healthy volunteers (n = 10)
Duodenal bulb 127 + 48
Gastric antrum 14 t 13

Morbus Crohn (n = 22)
Duodenal bulb 133 69 (NS)
Gastric antrum 83 t 79 (p = 0-01)

Gastritislduodenitis (n = 10)
Duodenal bulb 330 227 p = 0-02)
Gastric antrum 186 152 (p = 0.01)

NS = not significant.
p values indicate levels of significance versus healthy volunteers.

IgM

17 5
1 1

42 ± 26 (p = 0.008)
12 12 (p = 0-01)

51 ± 30 (p = 0-03)
18 ± 17 (NS)

lgG

4 + 7
1 + 1

20 18 (p = 0-02)
17 + 35 (p = 0-02)

11 14 (NS)
33 49 (p = 0.02)

Table 5 Mean absolute number ofIg-containing cells in gastric and duodenal biopsies per 0.1 mm2 lamina propria area

IgA IgM IgG

Healthy volunteers (n = IO)
Duodenal bulb 185 + 90 22 ±.13 5 + 9
Gastric antrum 25 + 14 1 t 1 1 t 1
Foveolar layer of gastric fundus 17 ± 20 1 t1 1 ± I

Morbus Crohn without histological abnormalities
Duodenal bulb (n = 13) 143 t 30 (NS) 48 t 29 (p = 0-049) 10 t 9 (NS)
Gastric antrum (n = 10) 69 t 54 (NS) 11 ± 15 (p = 0-002) 4 + 3 p = 0-02)
Foveolar layer of gastric fundus (n = 15) 68 ± 44 (p = 0.02) 10 t 9 (p = 0-02) 2 + 3 (NS)

Morbus Crohn with histological abnormalities
Duodenal bulb (n = 9) 189 ± 61 (NS) 59 ± 31 (p = 0-003) 33 ± 22 (p = 0-005)
Gastric antrum (n = 12) 104 t 54 (p = 0.009) 20 ± 20 (p = 0-0003) 19 t 25 (p = 0.006)
Foveolar layer of gastric fundus (n = 7) 84 t 15 (p = 0-02) 25 t 21 (p = 0.004) 8 ± 8 (p = 0.03)

NS = not si*nificant.p values indicate levels of significance versus healthy volunteers.
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Table 6 Mean absolute number of Ig-containing cells in gastric and duodenal biopsies per 0-5 mm muscularis mucosae
("mucosal tissue unit")

IgA [gM IgG

Healthy volunteers (n = 10)
Duodenal bulb 127 + 48 17 5 4 7
Gastricantrum 14 + 13 1 1 1 1

Morbus Crohn. without histological abnormalities
Duodenal bulb (n = 13) 121 - 42 (NS) 37 2+I (p = 0.03) 8 + 8 (NS)
Gastric antrum (n = 10) 53 + 39 (NS) 7 9 (p = 0(04) 4 + 4 (p = 0.03)

Morbus Crohn with histological abnormalities
Duodenal bulb (n = 9) 144 + 88 (NS) 46 - 31 (p = 002) 29 _ 18 (p = 0-004)
Gastric antrum (n = 12) 118 + 99 (p = 0(01) 16 + 13 (p = 0-02) 30 47 (p = 0(04)

NS = not significant.
p values indicate levels of significance versus healthy volunteers.

significantly from healthy controls for the gastric
antrum (Tables 5 and 6). However, a strongly
increased number of IgG-containing cells was found
in biopsies from patients with Crohn's disease show-
ing duodenitis, gastritis, or both (Tables 5 and 6).

Discussion

This study shows that patients with Crohn's disease
of the ileum, colon, or both, with and without upper
gastrointestinal complaints have a higher incidence
of chronic non-specific inflammation and a higher
number of IgM-containing cells in their gastric and
duodenal mucosa as compared to healthy volun-
teers. The increased number of IgM-containing cells
was not due to the increased incidence of chronic
non-specific gastritis and duodenitis, conditions
shown to have increased numbers of IgA and IgM
containing cells, since patients with Crohn's disease
and histologically normal gastric and duodenal
mucosa also showed increased numbers of IgM-
containing cells.
Moreover when in the gastric and duodenal biop-

sies histological abnormalities were found, also an
increase in the number of IgG-containing cells was
observed.

All these immunohistochemical findings agree
with the observations of Brandtzaeg and Baklien3
and Rosekrans et al4 in colonic biopsies. These
authors found increased numbers of IgG and IgM
containing cells in bowel specimens affected by Crohn's
disease. Rosekrans et al4 also found increased num-
bers of IgM-containing cells in quiescent parts of the
colon in patients with Crohn's disease. These and
our data indicate that patients with Crohn's disease
have an increased number of IgM-containing cells in
the mucosa throughout the gastrointestinal tract.
The significance of this is uncertain and needs
further study. Whether the IgM antibodies produced
by these cells are specific for a single, so far

unidentified, antigen or whether they are directed
against multiple antigens is of special interest. In the
latter case this may reflect a functionally deficient
IgA barrier since it is supposed'6 that IgA- and
IgM-containing plasma cells form a first line of
defence as far as local humoral immunity is con-
cerned and it is well recognised that IgM-containing
cells are increased in IgA deficiency. The same
authors suggest that IgG-containing cells form a
second line of defence and this may explain the
increase of IgG-containing cells in gastric and
duodenal biopsies from patients with Crohn's dis-
ease showing chronic non-specific inflammation as
has been shown for patients with Crohn's disease of
the colon as well.34

Lymphohistiocytic infiltrates-that is, focal
chronic non-specific inflammation in the intestinal
mucosa have been described as an important his-
tological feature in bowel segments affected by
Crohn's disease." It has even been suggested that
these lesions precede the granulomas so characteris-
tic for Crohn's disease.'8 Basu et a12 found non-
specific lymphocytic infiltrates in the macroscopi-
cally normal oral mucosa in 67% of patients with
Crohn's disease of the ileum and colon. These
findings point to a relation between focal non-
specific lymphohistiocytic infiltrates in mucosal
biopsies and Crohn's disease. In conclusion we
believe that both the focal lymphohistiocytic
infiltrates and the increased numbers of IgM-
containtng cells in gastric and duodenal biopsies
from patients with Crohn's disease of the ileum,
colon, or both, are an expression of Crohn's disease
as a generalised disorder of the gastrointestinal
tract.

The authors wish to thank Dr PHJ Kurver for his
advice on morphometrical equipment and statistical
analysis, and Ms RJJR Scholte and Mrs GC Soeters
for typing the manuscript.
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