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SUMMARY

The local response pattern of immunoglobulin-containing cells was compared in
Crohn's disease and ulcerative colitis by paired immunohistochemistry on specimens
of the large bowel wall. In the 'Crohn mucosa' with persisting glands the total cell
count was on the average raised more than three times compared with controls.
The numbers of IgA, IgM and IgG immunocytes were increased 2-0, 4-8 and 28-6
times, respectively. Only 0-2 IgD- and IgE-containing cells were generally found per
section. No consistent differences in the mucosal response pattern were revealed
when Crohn's disease was compared with ulcerative colitis. The deeper layers of
the bowel wall were in both diseases more or less densely infiltrated by immunocytes-IgG cells comprising about 80%. Immunoglobulin-containing cells in the
muscularis propria and subserosa were characteristically found in Crohn's disease.
There was no indication of a primary defect in the secretory immunoglobulin system
which appeared to be normal in areas with intact glands. The pronounced local
humoral immune response, particularly that involving IgG, might be of pathogenetic
importance by aggravating and perpetuating the inflammatory bowel disease.

INTRODUCTION
Immune mechanisms probably play some role in the pathogenesis and perpetuation of
Crohn's disease (CD), though immunological studies have led to quite conflicting results.
Decreased lymphocyte transformation in response to stimulation with homologous lymphocytes (Richens et al., 1974b) or phytohaemagglutinin in vitro (Walker & Greaves, 1969;
Brown et al., 1970; Parent, Barrett & Wilson, 1971; Cave & Brooke, 1973; Guillou, Brennan
& Giles, 1973; Sachar et al., 1973) have indicated an impaired T-cell function, but a normal
response has also been described (McHattie et al., 1971; Aas et al., 1972; R0pke, 1972;
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Asquith, Kraft & Rothberg, 1973; Bird & Britton, 1974; Bolton et al., 1974; Richens et al.,
1974b). Reports on cutaneous anergy to tuberculin (Phear, 1958; Williams, 1965) or DNCB
(Verrier Jones et al., 1969) have likewise been questioned by subsequent work (Fletcher &
Hinton, 1967; Bolton et al., 1974). Hypersensitivity to colon tissue antigens has been shown
for lymphocytes in CD and ulcerative colitis (UC) on the basis of cytotoxicity against
autologous and allogeneic colon epithelial cells in tissue culture (Shorter et al., 1968,
1969). Such lymphocytes have moreover been found to inhibit macrophage migration when
exposed to colon tissue antigens (Richens et al., 1974a). In some studies (Bendixen, 1969)
this could be demonstrated in UC but not in CD. The possibility that malnutrition in
patients with CD might influence their T-cell function was recently pointed out (Bird &
Britton, 1974).
The importance of B-cell responses in CD is likewise unclear. There are some reports on
'Crohn-like' intestinal lesions associated with agammaglobulinaemia (Eggert, Wilson &
Good, 1969; S0ltoft, Petersen & Kruse, 1972). However, besides the absent plasma cell
infiltration, these lesions have been more or less atypical for CD. This diagnosis should
therefore not be used in the presence of hypogammaglobulinaemia which may result in a
variety of gastrointestinal lesions (S0ltoft et al., 1972).
Although much interest has been focused on the immunological changes of blood lymphocytes, serum immunoglobulins (Ig) and circulating autoantibodies in inflammatory bowel
disease, little information is available on the immunopathology of the intestinal lesions.
The main purpose of our present work was to study local B-cell responses in CD of the
colon as revealed by the occurrence and distribution of Ig-containing cells through the
various layers of the inflamed bowel wall. We have previously published a similar investigation on UC (Brandtzaeg et al., 1974), and this material was extended for a detailed comparison with the CD material in the present study.

MATERIALS AND METHODS
Tissue specimens. Tissue from overtly inflamed lesions was obtained immediately after surgical resection
in six patients (average age 29; range 15-39 years) with CD (Table 1), and in eleven patients (average age,
36; range 24-54 years) with UC. Information about eight of the UC patients has been published (Brandtzaeg
et al., 1974). The additional cases were two women and one man with moderately active colitis of several
years' duration involving the entire large bowel; specimens were taken from the ascending and descending
colon and from the rectum, respectively. Control material was obtained from nineteen patients (average
age 60; range 44-89 years) with a histologically normal mucosa. Six specimens were from the rectum and
the remaining from the various colon segments. In seventeen patients who were not debilitated the colon
was resected because of a tumour which was malignant in thirteen cases, but without signs of metastasis.
The specimens were taken well away from the tumour. Two biopsy samples were obtained through the sigmoidoscope; one patient had jejunal peptic ulcer, the other pulmonary amyloidosis. It was not possible to
obtain an age-matched control material; but no consistent immunohistochemical feature seemed to be
related to age.
Immunohistochemistry. Tissue sections were studied from directly fixed specimens for evaluation of the
total content of immunoglobulin components, and from saline-extracted specimens where most of the
diffusible extracellular components had been removed before fixation (Brandtzaeg, 1974a). The tissue processing techniques, characterization of antibody conjugates, controls of staining specificity, and description
of the 'green' and 'red' conjugates to IgA, IgM, IgG and 'secretory component' (SC) used in paired staining,
have been reported elsewhere (Brandtzaeg, 1974a; Brandtzaeg et al., 1974). In addition, 'green' conjugates
monospecific to IgD (R-307) and IgE (R-158) were each combined with a 'red' conjugate to F(ab')2 (R-79)
The optical density ratios, applied protein concentrations, and precipitating units of these reagents were a
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follows. R-307: 2-2, 0-22, 1/3; R-158: 1-5, 0-87, 1/2; and R-79: 3 4, 038, 1/2. Their working dilutions and
specificities were established by performance testing on tonsillar plasma cells for IgD, and on artificial
substrates for IgE (Brandtzaeg, 1973a).
TABLE 1. Clinicopathological information about the patients with Crohn's disease (based on clinical,
roentgenological and histological criteria)

Patients

Age
(years)

Sex

Time since
initial
symptoms

1

39

M

4 years

2

24

F

3

26

F

4

35

M

5
6

35
15

F
M

Extent of lesion

Terminal ileum and ascending
colon
6 years Terminal ileum and ascending
and transverse colon
2 months Terminal ileum and ascending,
transverse and descending
colon
9 years Colon (all segments) and
rectum
3j years Sigmoid flexure*
3J years Sigmoid flexure and rectumt

Source of tissue
specimen

Ascending colon
Transverse colon
Transverse colon
All segments of colon

Sigmoid flexure
Sigmoid flexure and
rectum

* Resection of terminal ileum, ascending colon and part of sigmoid flexure 2 years previously.

t Resection of terminal ileum and ascending, transverse and descending colon 3 years previously.
Fluorescence microscopy, photography, and cell counting. Double-exposed colour slides were obtained from
a defined 'mucosal tissue unit', and differential cell enumeration was performed in various layers of the unit
(Tables 2 and 3). Such counts were also made in the deeper layers of the bowel wall. Details may be found
in a previous publication (Brandtzaeg et al., 1974). Statistical group calculations were based on absolute
cell counts for each of the three major Ig classes as well as on ratios between the classes. Differences between
groups were estimated by the Student's t-test, assuming a normal distribution of the data within each group.

RESULTS
Directly fixed tissue
Extracellular immunoglobulins. The lamina propria of both normal and diseased gut
walls generally showed the same fluorescent pattern, but the intensity tended to be higher
in inflamed specimens. The brightest staining was always seen in the basement membrane
zones and vessel walls. The intensity of the diffuse background fluorescence for IgG
exceeded by far that for the other classes and masked the presence of IgG-containing cells.
For IgA it was relatively faint though of varying intensity; most IgA cells were usually
discernible, but exact enumeration was difficult in inflamed tissue. Extracellular staining for
IgM was generally faint except in basement membrane zones and vessel walls; most IgM
cells were therefore easily seen. No extracellular IgD and IgE could be detected.
The staining pattern of the deeper layers in both normal and inflamed gut wall showed
principally the same quantitative differences between Ig classes as described above. One
striking feature was the fluorescence of lymphoid follicles where the germinal centres showed
a reticular staining most consistent and prominent for IgM.
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Epithelium. In heavily inflamed tissue the glandular epithelium showed degenerative
changes with lowered cell height, loss of goblet cells, and a reduced cytoplasmic fluorescence
for IgA and IgM. Conversely, the staining pattern of normally appearing glands was
indistinguishable from that in control specimens. Cytoplasmic IgG was present only in
overtly pathological epithelium. A thin luminal IgG rim was occasionally seen in the
surface epithelium, but without clearly intracellular localization. A few goblet cells contained some IgG, perhaps as a result of the tissue handling. Intercellular IgG was especially
prominent in the surface epithelium of inflamed mucosa. SC was localized to the columnar
epithelium, crypt content and mucus on the luminal surface; its distribution conformed to
the normal pattern described in earlier reports (Brandtzaeg, 1974a; Brandtzaeg et al.,
1974). However, its fluorescence intensity in regions with overt pathological changes was
reduced as described above for epithelial IgA and IgM.
Saline-extracted tissue
Distribution ofIg-containing cells. The data for IgA, IgM and IgG immunocytes are given
in both absolute cell numbers (Table 2) and as class ratios (Table 3). The former data are
necessary to evaluate pathological changes in the mass of cells, and were in our work
based on an individually defined 'tissue unit'. The cell numbers varied considerably within
each group (Table 2); between different specimens from the same individual (Table 4);
and, especially in CD, also within single specimens. The data in Table 2 are more influenced
by specimens with many cells than by those with few; cell ratios based on such data will
not necessarily reflect the true average shifts in pathological immunocyte responses. Conversely, Table 3 is derived from cell ratios in individual specimens, which all have the same
statistical weight. Such data are not so critically dependent on variables like the degree of
inflammation, oedema, and shrinkage or stretching of the specimens. Consequently, much
smaller variations were observed within each group. Cell ratios are therefore preferable
when single observations are evaluated with regard to the principal changes in the immunocyte population, and also when results of different investigators are compared.
Glandular tissue (Tables 2 and 3). In the control mucosa (Fig. lh, i) most immunocytes
(about 60%) were found in the luminal zone with a decreasing gradient toward the muscularis mucosae. IgA cells predominated through all layers of the lamina propria, and
comprised on the average 9000 of the total immunocyte count. Accordingly, the IgM
and IgG cells were relatively few (6% and 400 respectively). The percentage of IgG cells
tended to be slightly higher in the basal than in the luminal zone.
In the'Crohn mucosa' with persisting glands remote from fissure (Fig. la) the total unit
showed a more than three-fold rise in the immunocyte population compared with the control
unit (P<005). This was partly due to an increased mucosal height; but when identical
tissue volumes from the 'Crohn unit' and the 'Control unit' were compared, the luminal
and basal zones of the former showed immunocyte numbers that were raised1V9- and 3-8fold respectively. For all zones this rise was most pronounced for the IgG cells which showed
a marked frequency gradient toward the muscularis mucosae. Thus, they predominated
clearly in the basal zone because of a nearly 50 times numerical increase. Although the
absolute number of IgA cells was doubled for the total unit (P< 005), their relative share
was reduced from 9000 to 6200 (P<0-01). TheIgM cells were increased in absolute numbers
in all zones, but significantly (P<0-01) so only for the total unit counts. On the whole,
the relative share of these cells was slightly elevated without reaching the 50/o level of
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statistical significance. In the 'Crohn unit' adjacent to fissure (Fig. lb, c) the immunocytes
were even more numerous than in the unit remote from fissure (4 1-fold increase compared
with controls). In the basal zone this difference was significant both for the total immunocyte number and for the IgG cells (P<0 05). Here the number of latter was increased more
than 100-fold compared with normal mucosa.
TABLE 2. Immunoglobulin-containing cells in normal and inflamed mucosa with persisting glands; data
given for luminal and basal 200 gm zones and for total unit height

Fold increase
of cells compared with controls

Mean cell number ± s.d. (observed range)

Mucosal
tissue unit
[6fpm

'Control unit'
n = 19 (19)*

500pim

1gM
IgA

'Colitic unit'
n = 11 (11)t

76± 33 (15-148) 117+90
5+5 (1-22)
16±17
3±3 (0-11)
25±24

(66-585) 103±51
7+5
(2-48)
(1-75)
46±50

21±20 (2-90)
1 ± 1 (0-4)
1±1 (0-3)

(14-82)
(2-28)

'Crohn 'Colitic
unit'
unit'

(32-171)
(2-13)
(2-159)

1-5
3-4
7-3

13-6

(3-83)

1-1
1-4
73-6

1-7
2d1

1-4

1P5

24±23
1±2
81± 37

(19-128)

1-4
6-1
49-4

129+52(28-237) 261±153 (66-585) 214±81
17+15
8±7 (1-27)
39±28
(8-82)
6±3 (2-14) 163±222 (13-698) 175±80

(75-333)
(4-51)
(46-319)

2-0
4-8
28-6

30 7

143 ± 58 (31-265) 463 ± 384 (110-1365) 407 ± 126 (219-619)

3-2

2-8

30±22
6±9
54± 36

(4-100)

(0-5)

~I

N1l~Musc, mucosae

IgA

Total unit

'Crohn unit'
n = 8 (5)t

IgM
IgG

Total immunocyte
count

Approximate
unit height

(pm) and range

500 (400-780)

890 (600-1520)

685 (400-880)

* Number of specimens (number of patients).
t Tissue unit remote from fissure. Four of these specimens are from the same patient. His cell enumerations
are given in Table 4.
t For this zone absolute cell numbers cannot be compared because of the variable height.

The 'Colitic unit' showed principally the same shifts in the immunocyte populations as
the 'Crohn unit' with a comparable numerical increase of IgG cells as the outstanding feature. The percentage share of IgG cells was, however, significantly higher (P<0 05) than
in Crohn mucosa remote from fissure; no such difference appeared when colitic mucosa
was compared with Crohn mucosa adjacent to fissure (Table 3). For all zones the IgM cells
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in the former were less numerous than in the Crohn mucosa, but this was not statistically
significant (P<0 10). The relative share of IgM cells was similar in colitic and control
mucosa.
Five specimens from controls and five from each of the two diseases were examined for
IgD and IgE immunocytes. Very few such cells were found with no rise in inflamed mucosa
excepting one Crohn which contained nineteen IgD cells in one section as opposed to none
to two for the controls.
TABLE 3. Class distribution of immunoglobulin-containing cells in normal and inflamed mucosa with

persisting glands
Mean percentages + s.d. (observed range)

'Crohn unit'
Mucosal tissue unit

'Control
unit'
n = 19 (19)*

Total unit

IgA
IgM
IgG

Remote from
fissure
n = 8 (5)t

Adjacent to
fissure
n = 5 (5)

'Colitic
unit'
n = 11 (11)

90±5 (76-96)
5+4 (1-18)
4+2 (1-9)
90±6 (80-100)
7+5 (0-18)
3±2 (0-8)
88 ± 7 (67-95)
5+5 (0-16)
7 + 8 (0-33)

73+ 14 (43-87) 68± 15 (49-84)
10±6 (3-21) 12+11(5-31)
16±9 (6-36) 20±12 (11-40)

69+13 (51-90)
7+7 (1-25)
25+15 (3-47)

67+ 17 (36-84) 49+ 10 (34-57)
11 ± 10 (1-33) 16± 10 (5-29)
22+18 (9-61) 35±15 (14-48)

58± 15 (32-81)

40± 21 (18-71) 32+ 21 (11-54)
7+5 (1-15) 6±4 (2-11)
54± 24 (19-80) 63 ± 25 (35-88)

6±5
36±18
23 ± 15
2+3
75 ± 17

90+4 (80-95)
6±4 (2-16)
4± 2 (2-11)

62+ 14 (43-81) 51 + 16 (31-75)
10±8 (2-28) 10± 7 (4-21)
27+ 14 (12-51) 39+17 (19-58)

52+ 13 (30-74)
4±4 (1-11)
43 ± 15 (15-66)

(1-13)
(9-67)
(3-50)
(0-11)
(49-98)

Number of specimens (number of patients).
t Four of these specimens are from the same patient.
*

Non-glandular tissue. Crohn mucosa where glands were lost showed on average a significantly lower share of IgA cells (P<001) than areas containing glands. In fact, the
percentage distribution was similar to that given for the deeper layers of the bowel wall in
Table 5. All these layers were comparable with regard to the immunocyte pattern-IgG
cells being clearly predominant (Fig. 1d-g). No significant difference was found in the
relative distribution of IgA and IgG cells between the submucosa in CD and UC, but a
higher percentage (P< O-05) of IgM cells was demonstrated in the former. Nevertheless, the
ranges for single IgM observations were highly overlapping. In UC immunocytes tended
to be concentrated in the zone underlying the muscularis mucosae, whereas in CD they
occurred more or less aggregated anywhere in the submucosa. Around fissures a very dense
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TABLE 4. Class distribution of immunoglobulin-containing cells in four different specimens from a patient
with Crohn's disease; mucosa with persisting glands remote from fissure
Mean distribution of cells within zones
Mucosal tissue unit

Transverse
colon

Descending
colon

Sigmoid
colon

Sigmoid
colon

288 (84%)
28 (10%)
15 (6%)

258 (68%)
48 (13%)
75 (20%)

166 (87%)
6 (3%)
19 (10%)

72 (82%)
6 (6%)
11 (12%)

(79%)
(9%)

(36%)
(3%)

(79%)
(1%)

(73%/)

(12%)

(61%)

(20%)

(20%)

22 (27%)
6 (8%)
53 (66%)

24 (18%)
6 (4%)
100 (78%)

42 (47%)
2 (2%)
46 (52%)

24 (19%)
2 (1%)
98 (80%)

346 (73%)
45 (9%)
83 (17%)

585 (43%)
82 (6%)
698 (51%)

270 (75%)
8 (2%)
81 (23%)

188 (56%)
18 (5%)
132 (39%)

473

1365

359

337

Approximate unit height (,um) 800

1200

600

700

;

IgG

(8%)

)sce =-

Total unit

IgA
IgM
IgG

Total immunocyte count

TABLE 5. Class distribution of immunoglobulin-containing cells in different layers of inflamed

large bowel

wall ('non-secretory tissue')
Mean percentages ± s.d. (observed range)

Approximate number
Bowel wall
layer
Mucosa with
lost glands
n = 4 (2)*
Submucosa
n = 10 (5)
Musc. propriae
n = 4 (4)
Subserosa
n= 1
Ulcerative Submucosa
colitis
n = 10(10)

of cells per
1000 x 500 x 6 gm

IgA

IgM

IgG

Crohn's
disease

945

16±8 (9-25)

7±5 (3-2-14)

77±11 (65-87)

410

16±9 (6-34)

43±3 9 (0-11)

80±11 (61-94)

165

22+21 (4-6-51)

4-7±2-8 (0 7-7)

73±23 (42-95)

350

16

5

79

425

14±11 (23-33) 1-2±2-4 (0-8)

* Number of specimens (number of patients).

85±13 (59-97)
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population of immunocytes and other inflammatory cells was a regular finding. Lymphoid
aggregates and follicles occurred most frequently in the submucosa, and were more prominent in CD than in UC. Peripherally to activated lymphoid follicles a raised number
of IgG cells was a striking feature.
In CD some immunocyte infiltration was regularly observed in the muscularis propria
(Fig. ig) especially beneath deep ulcers and fissures. Most of the cells appeared in the
interstitial tissue between the circular and longitudinal muscle layers, where lymphoid
follicles occasionally could be found. In CD the subserosa (Fig. le) contained many lymphoid follicles and a fairly dense immunocyte population, approaching the submucosal
density, in contrast to the few cells seen in UC.
In the control specimens only occasional scattered Ig-containing cells (mainly IgG) were
found in the bowel wall basal to the muscularis mucosae (Fig. lh, i).

DISCUSSION
In this study we have extended our previous immunohistochemical work on the colon of
patients with UC (Brandtzaeg et al., 1974), and have also included specimens from patients
with CD. Our primary aim was to compare the two diseases with regard to the degree and
pattern of colonic B-cell responses. Besides its immunopathological motivation, this task
was desirable in view of the diagnostic difficulties that may be encountered in the conventional histopathological differentiation between the two diseases.
The inflamed bowel tissue in CD and UC showed principally the same changes in the
local immunocyte populations. The number of Ig-containing cells was markedly increased.
This was most impressive for the IgG cells-approaching a 30-fold rise in the lamina propria.
In the submucosa these cells comprised80-85% of the total immunocyte count. Although
the IgG cells were proportionately fewer and theIgM cells more numerous for CD in
tissue remote from fissures, the observed ranges were highly overlapping for the two diseases. In our opinion, therefore, enumeration of Ig-containing cells is of minor diagnostic
value. Nevertheless, the fact that lymphocyte infiltration and lymphoid cell aggregates are
more prominent in CD, along with a pronounced activation of the mononuclear phagocyte
system, indicates differences in the local immune response pattern. Also, the conspicuous
occurrence of Ig-containing cells in the deeper layers of the bowel wall in CD distinguishes
it from UC. In the mesenteric lymph nodes the reactivity of B and T cell-dependent areas,
as well as the immunocyte pattern, have been reported to be similar for the two diseases
(Skinner & Whitehead, 1974b).
FIG. 1. Paired immunohistochemical tracings of Ig-containing cells in different layers of the
large bowel wall in Crohn's disease (a-g) and in normal colon mucosa (h and i). Diffusible immunoglobulins had been removed by extraction prior to fixation of the specimens. In Crohn
mucosa (a-c) both remote from fissure (a) and adjacent to fissure (b and c, neighbouring sections) a numerical increase in all classes of cells is seen when compared with normal (h and i).
An unproportionally high rise in IgG cells is clearly demonstrated, and in the basal zone these
cells are even more numerous than the IgA cells. Considerable variations in cellularity are
found also in the normal mucosa (compare IgA cells in h and
In the normal submucosa
i).
In Crohn's disease the submucosa
very few Ig-containing cells are found (h and i, beneath mm).
(d and f), muscularis propriae (g) and subserosa (e) are infiltrated by a fairly dense immunocyte
population, and the IgG cells comprise about 80 per cent of the total cell number. (mm
Muscularis mucosae.) (Original magnification x 25.)
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Table 6 shows that our ratios for the three major immunocyte classes in control specimens
from the large bowel mucosa accord with two previous reports (Crabbe & Heremans, 1966;
Skinner & Whitehead, 1974a). The ratios emerging from the data of S0ltoft, Binder &
Gudmand-H0yer (1973) deviate to a considerable degree, and fall outside our observed
ranges (Table 3). We found no significant difference between colon and rectum, though
there was a slight trend toward a higher proportion of IgG cells in the latter. For inflamed
bowel mucosa considerable discrepancies appear between different studies (Table 6)
TABLE 6. Class distribution of Ig-containing cells in the large bowel mucosa reported
by different authors*

Normal rectum
Crabbe & Heremans (1966)
S0ltoft et al. (1973)
Skinner & Whitehead (1974a)
This investigation
Normal colon
Crabb6 & Heremans (1966)
This investigation
Ulcerative colitis
S0ltoft et al. (1973)t
Skinner & Whitehead (1974a)
This investigation
Crohn's disease of the colon
Skinner & Whitehead (1974a)
This investigations

IgA ()

IgM (Y.)

IgG(%

85 2
65 7
92-6
89-3

93
17-5
2-9
53

55
16-8
45
55

91-5
90-8

4-5
5-6

4-0
3-6

52-8 (1-3)+
79-2 (2-9)
52-1 (1-7)

11-8 (1-1)
7-5 (8 7)
4-4 (2 1)

35 4 (3-4)
13-3 (9 7)
43-3 (30 7)

87-0 (5 3)
62-3 (20)

4-5 (8 8)
10-4 (4 8)

8 5 (10 6)
27-2 (28 6)

* The data from other studies are recalculated to make comparisons possible,
t Rectal specimens only.
I In parentheses is given fold increase of absolute cell numbers compared with

normal.
§ Crohn mucosa with persisting glands remote from fissure.

Skinner & Whitehead (1974a) reported a rise in the total number of Ig-containing cells
(5 6-fold in CD and 353-fold in UC) that was even higher than that found by us (Table 2).
Conversely, they noted relatively minor class shifts compared with normal controls, the
IgA :IgG cell ratio for CD being 102 in contrast to our 2 3. Their total number of IgA
cells was significantly higher in CD than in UC, whereas our counts did not reveal clear
differences between the two diseases excepting the percentage share of IgG cells. Although
Soltoft, Binder & Gudmand-H0yer (1973) reported an elevated number of IgG cells in
UC, they observed only a slight rise in the total immunocyte population (1 6-fold). Thus,
we demonstrated a colonic IgG-cell response that was more pronounced than previously
recognized.
Various methodological problems may explain these marked discrepancies. As previously
stressed by us (Brandtzaeg, 1974a; Brandtzaeg et al., 1974) the extracellular, diffusible
immunoglobulins must be removed from the tissue to avoid masking of Ig-containing cells
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by background staining. This is especially important for the IgG class, but applies in
inflamed tissue also to IgA and IgM. Moreover, selection of a particular mucosal layer
should be avoided (compare Tables 2 and 3). The conflicting results may also reflect differences in sampling of patient material. Our specimens were overtly inflamed, though had
persisting glands. We have subsequently found that in diseased mucosa with slight inflammation, the numerical increase of total immunocytes is less pronounced and the IgA: IgG
cell ratio is less reduced (Baklien & Brandtzaeg, 1975). Finally, the quality of the rather
undefined commercial conjugates used in the previous studies may be highly varying.
Persson & Danielsson (1973), who reported immunocyte enumerations for unspecified
inflamed specimens of ileal mucosa in CD, found that the IgG cells comprised more than
5000 of the total population. Our counts for ileal mucosa in CD reached the same high
IgG ratio only in the basal zone (Baklien & Brandtzaeg, 1975). This illustrates that proper
specification of the material and mucosal level is required in order to provide meaningful
information on intestinal immunocyte populations.
Bergman, Johansson & Krause (1973) studied extracts of inflamed bowel mucosa from
patients with CD and found a rise in the albumin and especially in the IgG concentration
as compared with samples of normal mucosa. There was no such rise for IgA and IgE.
In addition to exudation from serum, local production apparently had contributed to the
mucosal content of IgG in CD. This agrees with our findings, but the authors erroneously
interpreted their data to reflect 'a selective active secretion of IgG from diseased bowel'.
Like Crabbe & Heremans (1966) and Skinner & Whitehead (1974a) we found only very
few IgD cells in normal large bowel mucosa, contrary to the relatively high rectal number
(6.5%) published by S0ltoft et al. (1973). In contrast to our results, and also to those of
S0ltoft et al. (1973) and Skinner & Whitehead (1974a), Tada & Ishizaka (1970) reported
that the number of IgE cells is relatively high in the gastrointestinal mucosa, exceeding that
of IgG cells. The latter authors also described an apical IgE staining for mucosal epithelial
cells. We found no such staining, and hence no indication of an active epithelial transport
of IgE. In agreement with Skinner & Whitehead (1974a) we did not observe any consistent
rise in IgD or IgE cells in inflammatory bowel disease. It seems unlikely, therefore, that
these immunoglobulins are important in the pathogenesis of CD and UC.
The pronounced local immunocyte activation in CD and UC might be expected to influence the serum immunoglobulin levels. Several workers have reported an increase in
IgA (Hobbs & Hepner, 1968; Deodhar, Michener & Farmer, 1969; Bolton et al., 1974), but
this is not a consistent finding (Bendixen et al., 1968; Weeke & Jarnum, 1971 ; Bergman et al.,
1973). Vaerman et al. (1973) calculated that in guinea-pigs and rats more than 9000 of the
mesenteric lymph IgA is derived from mucosal immunocytes. If the intestinal mucosa is a
major source of serum IgA also in man, an elevation would be conceivable in CD and UC.
A shift from dimer to monomer production, as shown for some inflamed tissues (Brandtzaeg,
1974b), should also be considered in this respect since monomeric IgA is not actively transported by the glandular epithelium. The serum level of IgG is not significantly raised in
most patients with CD and UC (Deodhar et al., 1969; Weeke & Jarnum, 1971; Bolton et al.,
1974). This might be explained by increased catabolism (Bendixen et al., 1968); enhanced
IgG leakage into the bowel lumen; and the masking effect of the normally high level of
IgG in serum.
Our findings leave no doubt that CD and UC are associated with vigorous local B-cell
responses. The responsible antigens and/or mitogens are unknown. Perhaps exogenous
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agents gain undue access to the lamina propria because of a defective mucosal barrier.
However, there were no signs of a quantitative defect in the local production and epithelial
transport of IgA and IgM where glands were well preserved. Inadequacy in the secretory
immunoglobulin system therefore seems unlikely as a primary cause of these diseases. A
better guess may be that an initial break in the mucosal barrier is due to viral ('transmissible agent'?) or bacterial infections possibly combined with nutritional factors or
genetic predisposition (Cave & Mitchell, 1974; Fielding, 1972). Autoimmunity induced by
altered tissue components or cross-reacting microbial antigens is perhaps the next step in
the pathogenesis.
The autoimmune theory is supported by the frequent finding in both CD and UC of
serum antibodies to colon (Lagercrantz et al., 1968; Deodhar et al., 1969; Thayer et al.,
1969); more specifically to a glycoprotein in the mucus-producing cells (Perlmann et al.,
1967). In UC there is evidence that these antibodies cross-react with Escherichia coli 014
(Perlmann et al., 1967; Lagercrantz et al., 1968), whereas such cross-reaction has not been
definitely shown in CD (Perlmann, Hammerstr0m & Lagercrantz, 1973). Lymphocyte
cytotoxicity against colonic epithelial cells is, however, similarly inhibited by E. coli extract
in both diseases (Shorter et al., 1970). The possibility exists that both T lymphocyte-mediated
and antibody-dependent cell-mediated cytotoxicity are involved in autoimmune pathogenetic
mechanisms; according to Shorter et al. (1971) the latter type may depend on cytophilic
IgM antibodies. As a consequence the mucosal barrier may be further weakened, and a
battery of antigens and mitogens from the bowel lumen probably stimulates a 'second line
of defence' (Brandtzaeg, 1973b; Brandtzaeg et al., 1974). Thus, the dense IgG-cell infiltration
demonstrated in the inflamed bowel may reflect a late event in the pathogenesis. Nevertheless, it may be decisive for provoking and perpetuating the extensive tissue lesions through
antibody-dependent lymphocyte cytotoxicity and immune complex hypersensitivity.
Localization of immune complexes in the inflamed bowel mucosa has not been convincingly shown. This would require the demonstration of complement activation products
and preferably the simultaneous identification of antigens (Baklien & Brandtzaeg, 1974).
Most sera contain activation products of C3 (Teisberg & Baklien, 1974, 1975). Although this
may suggest local formation and subsequent release of these components from the inflamed
tissue, it cannot be excluded that complement activation takes place in the serum because
of circulating immune complexes (Doe, Booth & Brown, 1973; Jewell & MacLennan,
1973). Complement may moreover be degraded non-specifically by enzymes present in the
inflamed tissue.
The final manifestation of the lesions in inflammatory bowel disease obviously depends
on a complexity of different biological mechanisms, and not only on the primary cause.
Therefore, the possibility remains that different types of lesions may be initiated by a single
agent and, conversely, that similar lesions may be initiated by different agents (Glotzer,
1973). On this basis, attempts at evaluating aetiological and secondary pathogenetic mechanisms are bound to be difficult. Characterization of potential antigens and mitogens
involved in the immunopathology of the gut might be a tedious, though an important,
task in further work on inflammatory bowel disease.
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