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Small intestinal plasma cells in coeliac disease
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SUMMARY Using a modified immunoperoxidase technique to achieve optimum staining and
reproducible counts of plasma cells in paraffin embedded tissue, IgA, IgM, IgE, and IgG plasma
cells were studied in small bowel biopsies from 20 controls, 23 untreated coeliac patients, 19
treated coeliac patients, and seven patients with Crohn's disease not involving duodenum or

jejunum. In controls the ratio of the mean counts for IgA, IgM, IgE, and IgG plasma cells was
2-5 :1:1:1 respectively. In patients with untreated coeliac disease, counts of all types of plasma cell
were significantly increased approximately two-fold compared with controls although for IgG
cells there was considerable overlap. The ratio of the mean plasma cell counts in the untreated
coeliac patients was 3-5 :1-5:2:1. Counts fell significantly after treatment with a gluten-free diet.
There was no significant difference between counts in the controls and the Crohn's disease
patients. The changes found in coeliac disease may simply be a non-specific response to mucosal
damage. The increases in IgA and IgM plasma cells, however, suggest that the deposits of
extracellular IgA and IgM observed in coeliac mucosa are locally produced, and the increase in
IgE plasma cells raises the possibility that reaginic type hypersensitivity may be involved in
coeliac disease.

The small intestinal mucosal damage in coeliac
disease is caused by an abnormal response to the
gluten fraction of wheat and certain other cereals.
The mechanism of the damage is not known but
immunological factors are thought to play an
important part. Both cell mediated and humoral
responses, which are by no means mutually
exclusive, have been incriminated. We have
previously shown that there are deposits of IgA and
complement in the lamina propria and basement
membrane zone of untreated but not of treated
adult coeliac patients.' Other studies have shown
deposits of IgA by 24 hours2 and three months3 after
gluten challenge of treated coeliac patients. One
study showed deposits of IgM and complement
during the first 12 hours after gluten challenge.4
These results suggest that a local antigen-antibody
reaction (possibly gluten and gluten antibody) with
complement activation may be responsible for
mucosal damage. It seems likely that the extra-
cellular immunoglobulin shown in those stvLdies was
locally produced. In support of this it has been
shown that coeliac jejunal mucosa cultured in vitro
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in the presence of gluten produces both IgA and
IgM gliadin antibody.5 One might therefore expect
to find an increase in the concentration of IgA, and
possibly IgM, plasma cells in the mucosa of
untreated coeliac patients with a fall to normal
following treatment. Unfortunately the results of
different studies of mucosal plasma cells in coeliac
disease are very conflicting, no two studies
agreeing.3 $9 Furthermore, even the studies of
mucosal plasma cells in control subjects vary greatly
- the ratio of IgA:IgG plasma cells varying from 3 :1
to 30:1.6 8-12 This confliction may be explained
partly by the small numbers of subjects studied - six
to 13 for coeliac patients and six to 17 for controls.
Probably of more importance are problems of
technique. In most studies immunofluorescence has
been used. Although this may be the best method
for showing extracellular immunoglobulin it is
unsatisfactory for accurately counting plasma cells
because it is difficult to distinguish extracellular
from intracellular staining and it is difficult to
recognise the type of cell in which positive staining is
found. Immunoperoxidase staining is much more
satisfactory as the morphology of the cells can be
well seen and miscounting of plasma cell is less
likely. Furthermore, as paraffin sections are used,
routine histology can be done as well. Even with the
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immunoperoxidase method, however, we have
shown that results are misleading unless each
antiserum is titrated with each specimen so that
counting is done at a plateau level of
staining. IgE plasma cells have received little
attention. This may be because initial studies11 14

found few or no IgE plasma cells in intestinal
mucosa and it was concluded that IgE mechanisms
were not involved. 14 Subsequent studies have
suggested that IgE plasma cells are available for
participation in local reaginic type reactions in the
intestine15 16 and that they might be involved in
coeliac disease.17 18

In view of these considerations we felt it
important to re-investigate plasma cells, especially
IgE plasma cells, in coeliac disease, both before and
after treatment with a gluten free diet, using larger
numbers of patients and controls and an immuno-
peroxidase technique in which each specimen is
individually titrated with antiserum.

Methods

PATI ENTS
CONTROL GROUP

Twenty patients with the irritable bowel syndrome
who after investigation for abdominal pain and/or
diarrhoea were found to have no organic gastro-
intestinal disease. The mean age was 41 years (range
12-77 years) and eight were male.

UNTREATED COELIAC GROUP
Twenty three patients with subtotal or severe partial
villous atrophy and crypt hyperplasia. All except
two were rebiopsied after treatment with a gluten
free diet and these all showed unequivocal histo-
logical improvement. Three also had dermatitis
herpetiformis and 10 were also in the treated coeliac
group. The mean age was 44 years (range 13-77
years) and six were male.

TREATED COELIAC GROUP
Nineteen patients who had had a small bowel biopsy
showing subtotal or severe partial villous atrophy
and crypt hyperplasia before treatment and an

unequivocal histological improvement after
treatment with a gluten free diet. The duration of
treatment at the time of study varied from four
months to 10 years (mean two years). Nine had
biopsies which were almost completely normal, the
rest showing partial villous atrophy. Three also had
dermatitis herpetiformis. The mean age was 43 years

(range 15-76 years) and seven were male.

CROHN S DISEASE GROUP
Seven patients acting as a further control group.

They all had radiological or histological evidence of
Crohn's disease but no sign of involvement of the
duodenum or jejunum. Routine histology of the
small bowel biopsies was completely normal. The
mean age was 43 years (range 18-77 years) and three
were male.

SMALL INTESTINAL BIOPSY
Biopsies were taken during the course of routine
management with the hydraulic multiple biopsy
instrument, orientated on plastic mesh and fixed in
formalin as previously described.'9

STAINING TECHNIQUES
The fixed specimens were embedded into paraplast.
Tissue sections were cut at 1 , thickness
perpendicular to the luminal surface, mounted on
glass slides and dried overnight at 37°C. Sections
were stained for IgA, IgM, IgE, and IgG by the
PAP immunoperoxidase technique20 after initial
trypsinisation,pl and counterstained with Harris
haematoxylin for the morphometric study. Rabbit
anti-human immunoglobulin heavy chain antisera,
together with swine anti-rabbit antiserum, and
peroxidase-rabbit anti-peroxidase complex were
obtained from Dakopatts. Specificity of the primary
antisera was confirmed by immunoelectrophoresis
and by testing against human monoclonal myeloma
cases. Particular care was taken to standardise the
anti-IgE antiserum using positive and negative
substrates in view of the reported high incidence of
cross reactivity with IgA.22 We used a single batch of
anti-IgE antiserum for the whole study and no cross
reactivity was detected with this batch on control
sections. Titration of primary antisera in the range
1: 50 to 1:32 000 showed that at high dilutions the
count of immunoglobulin containing cells fell with
decreasing titre. In the intermediate range
consistent cell counts could be shown graphically to
lie on a plateau. At high concentration non-specific
staining made identification of cellular immuno-
globulin very inaccurate. For these reasons cell
counts were made within the plateau range. This
was found to vary from case to case and the titration
was therefore performed for each case to obtain the
plateau count.

MEASUREMENTS
Measurements and cell counts on the immuno-
peroxidase stained sections were carried out using a
MOPPET image analyser. An image of the stained
sections was projected at standard magnification on
to the digitising tablet by a Leitz Neopromar
projection microscope. The MOP stylus was fitted
with a ball point pen to provide a permanent record
of the field examined. Four contiguous, non-
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overlapping fields were examined on each section. A
field was defined as the area between the mucosal
surface and muscularis mucosae bounded by two
lines perpendicular to the muscularis mucosae. The
following three measurements were made on each
field: (1) mucosal length - the length of the
muscularis mucosae; (2) area of lamina propria; and
(3) immunoglobulin containing cell counts. A micro-
meter slide was used to convert area and length
measurements on the projected image into absolute
measurement. For each section cell counts were
expressed as cells/mm mucosal length and as cells/
mm2 lamina propria area. All measurements and
processing were performed blind on randomised
specimens to minimise experimental and observer
bias.

STATISTICAL METHODS
Immunoglobulin containing cell counts in each
disease group were compared with those of the
control group and each other group using the
Student's t test with Bessel's correction for small
samples and log transformation.

Results

The results were similar whether the counts were
expressed as cells per mm2 of lamina propria or per
millimetre mucosal length and for convenience we
have presented all the results just as cells per
millimetre mucosal length. This is the 'areal density'
which permits valid comparisons between control
and damaged coeliac mucosa.23 The plasma cell
counts are shown in Figs 1-4. The mean counts for
IgA, IgM, IgE, and IgG plasma cells in controls
were 323, 137, 156, and 133 respectively giving a
ratio of approximately 2-5:1:1:1. The mean counts
in the untreated coeliac group were 755, 349, 379,
and 213 respectively giving a ratio of approximately
3-5:1*5:2:1. The counts of IgA, IgM, and IgE
plasma cells were very significantly greater in the
untreated coeliacs than in controls (p<0001). For
IgG the difference was less significant (p<001) and
there was considerable overlap. There was no
significant difference between the treated coeliacs
and the controls except for IgA (p<0-01) and the
difference between treated and untreated coeliacs
was significant (p<0.001) for all plasma types except
IgG. The counts in the patients with dermatitis
herpetiformis were not dissimilar to the counts in
the other coeliac patients. There was no significant
correlation between the initial plasma cell counts
and the histological response to the gluten free diet.
In the treated coeliacs all the plasma cell counts
correlated positively with the degree of remaining
villous abnormality. There was no significant
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Fig. 1 IgA plasma cell counts per mm mucosal length.
Open circles and triangles represent patients with dermatitis
herpetiformis. Triangles represent patients studied both
before and after treatment with gluten free diet.

difference between the counts in the controls and
the Crohn's disease group.

Discussion

We have confirmed that IgA plasma cells
predominate in small intestinal mucosa although the
predominance is very much less than that found in
most other studies using smaller numbers and less
satisfactory techniques. Our findings in the small
bowel are similar to those in the rectum13 except
that IgG cell counts are greater by a factor of four in
the small bowel. In untreated coeliac disease there is
approximately a two-fold increase in all the plasma
cells with a return towards normal after treatment.
The increase in IgA and IgM plasma cells in

untreated coeliac disease is compatible with the
suggestion that the deposits of extracellular IgA and
IgM observed in coeliacs 1-4 are locally produced.
The increase in IgE plasma cells suggests that

reaginic type hypersensitivity may be involved in
coeliac disease - a possibility which has received
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Fig. 2 IgM plasma cell counts per mm mucosal length.
Open circles and triangles represent patients with dermatitis
herpetiformis. Triangles represent patients studied both
before and after treatment with gluten free diet.

little attention. In support of such a mechanism,
Shiner found in an ultrastructural study'8 of child-
hood coeliac disease that oedema of the lamina
propria, vascular changes, cisternal dilatation of
plasma cells, and mast cell degranulation together
with a moderate increase in eosinophils and poly-
morphs occurred within a few hours after gluten
challenge and preceded any epithelial abnormality
or infiltration of lymphocytes. Furthermore, Kumar
and colleagues'7 found increased IgE plasma cells,
using an immunofluorescent technique, and
increased mast cell counts in untreated coeliacs. We,
however, have previously reported no significant
increase in lamina propria mast cells in 11 untreated
coeliacs,24 but both studies can be criticised because
only granulated mast cells were sought. The
occasional association between coeliac disease and
systemic mast cell disease24 might also suggest the
involvement of reaginic type hypersensitivity in
coeliac disease. The reliability of imrtuno-
fluorescent staining for showing IgE plasma cells in
the gut mucosa has been criticised on the grounds of
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Fig. 3 IgE plasma cell counts per mm mucosal length.
Open circles and triangles represent patients with dermatitis
herpetiformis. Triangles represent patients studied both
before and after treatment with gluten free diet.

non-specific staining of eosinophilic granulocytes by
fluorescein conjugated proteins,25 and confusion
with mast cells containing IgE.26 The use of an
immunoperoxidase technique in our study allows
accurate recognition of eosinophils, basophils,
typical mast cells, and typical plasma cells. It is
difficult in single sections, however, to distinguish
with certainty some plasma cells from degranulated
mast cells. If reaginic type hypersensitivity is
involved in coeliac disease it may be linked to
subsequent immune complex deposition and cell
mediated immunity - for which there is already a lot
of evidence - as it has been postulated'6 that the
leak produced by local allergy in the intestine may
be important as a necessary prerequisite for
accumulation of enough antigen to precipitate local
Arthus type and cell mediated immune reactions.

Notwithstanding these suggestions the increase of
the plasma cells may simply be a non-specific effect
of mucosal damage by analogy with the findings in
the rectal mucosa of patients with inflammatory
bowel disease and with bacterial colitis.'3
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Fig. 4 IgG plasma cell counts per mm mucosal length.
Open circles and triangles represent patients with dermatitis
herpetiformis. Triangles represent patients studied both
before and after treatment with gluten free diet.

The normal findings in the patients with Crohn's
disease lend no support to the suggestion that
plasma cells are increased in the apparently
uninvolved bowel of patients with Crohn' disease.
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