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Duodenal endocrine cells in adult coeliac disease
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SUMMARY Using immunohistochemical techniques we studied duodenal biopsies from 18 patients
with coeliac disease and 24 patients with normal duodenal morphology. We had access to antisera
against the following gastrointestinal peptides: cholecystokinin (CCK), gastric inhibitory peptide
(GIP), gastrin-17, glucagon-enteroglucagon, motilin, neurotensin, pancreatic peptide (PP), secretin,
somatostatin, substance P, and vasoactive intestinal peptide (VIP). The somatostatin, GIP, CCK, and
glucagon cells were increased in number in coeliac disease. The number of motilin cells was slightly
increased, while secretin cells were reduced. Cells storing gastrin-17, substance P, or neurotensin
were rare in all patients regardless of diagnosis. No PP immunoreactive cells were found and VIP
was localised to neurons only. In biopsies from patients having a mucosa with ridging of villi the
number of the various endocrine cell types did not differ from that in the control group.

Previous reports have described abnormalities in
certain intestinal endocrine cell populations in
coeliac disease. Thus Polak and co-workers (1973)
found an increased number of secretin immuno-
reactive cells in children with this disease. Results
have also been presented indicating a greater number
of enterochromaffin cells (Challacombe and Robert-
son, 1977) and raised 5-HT concentration (Challa-
combe et al., 1977) in the duodenal mucosa of such
children.

The present report deals with the occurrence and
frequency of several peptide hormone-producing cell
types in duodenal biopsies taken from aduits with
coeliac disease. For comparison we examined
duodenal biopsies taken from patients with other
types of abdominal disturbances but with normal
intestinal morphology.

Methods

TISSUE MATERIAL
Biopsies were obtained from the mucosa of the most
distal part of the duodenum (at the ligament of
Treitz) using a large size Watson capsule. Only those
biopsies covering the whole depth of the mucosa
were included in the material. Biopsies were taken
from 18 patients with coeliac disease (15 females and
three males: median age 42-5 years, range 19-60
years) and from 24 patients with other abdominal
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disturbances but having a normal mucosal mor-
phology (18 females and six males: median age 33:5
years, range 21-60 years). All patients had been
subjected to a thorough gastrointestinal examination
including radiography and absorptive function tests.
In 21 of the latter patients there were no signs of
malabsorption, while three of them had steatorrhoea
of unknown aetiology. These patients had a normal
exocrine function of the pancreas. Details of the
patients with normal intestinal morphology are
shown in Table 1. The enteropathy of the patients
with coeliac disease was graded histologically and
classified according to Alexander (1975) (Table 2).
None of the patients received drugs.

IMMUNOHISTOCHEMISTRY

Antisera
Antisera against the following peptides were

Table 1 Clinical symptoms of patients with normal
duodenal morphology
Symptoms causing Number Age (yr)
examination

Median Range
Abdominal pain 7 30 27-50
Diarrhoea 7 25 21-60
Steatorrhoea 3 33 33-52
Flatulence 4 35 21-37
Liver dysfunction 3 54 39-56
Total number 24 33 21-60
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Table 2 Classification of enteropathy in patients with
coeliac disease according to Alexander (1975)

Enteropathy Number Age (yr) Gluten-free diet
(no.)
Median Range

Flat mucosa 10 35 19-60 2
Convoluted 4 47 41-54 3

mucosa
Ridging of 4 415 40-60 4

villi
Total number 18 42'5 19-60 9

available: cholecystokinin (CCK), gastric inhibitory
peptide (GIP), gastrin-17, glucagon-enteroglucagon,
motilin, neurotensin, pancreatic peptide (PP),
secretin, somatostatin, substance P, and vasoactive
intestinal peptide (VIP). Details of the antisera are
given in Table 3.

Fluorescein isothiocyanate (FITC)-conjugated and
unconjugated sheep anti-rabbit-IgG sera were
obtained from Statens Bakteriologiska Labora-
torium, Stockholm, Sweden. Peroxidase-antiper-
oxidase (PAP) complex was purchased from Cappel
Laboratories, Downington, Pennsylvania, USA.

TISSUE PROCESSING
The biopsies were frozen at the temperature of
liquid nitrogen in a propane-propylene mixture and
freeze-dried. They were then exposed to gaseous
diethylpyrocarbonate (DEPC) (Pearse and Polak,
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1975) or formaldehyde (Bjorklund et al., 1972) and
embedded in paraffin in vacuo. Sections were cut at
5 pm, deparaffinised in xylene, and carried down to
water through graded ethanol solutions. They were
then exposed to each of the antisera in the appro-
priate dilution for three hours at room temperature
(immunofluorescence) or for 24 hours at 4°C (PAP
staining). The site of antigen-antibody reaction was
revealed by fluorescein-labelled anti-rabbit-IgG
(diluted 1:20, 30 minutes’ incubation) or by unlabel-
led anti-rabbit-IgG (diluted 1:100, 30 minutes’
incubation) followed by incubation for one hour
with PAP (diluted 1:320) and five minutes’ exposure
to 3,3-diaminobenzidine (50 mg/100 ml) (Stern-
berger, 1974). All solutions used contained 0-259%;
human serum albumin and 0-259; Triton-X-100.
The sections were rinsed and mounted in phosphate
buffered glycerine (immunofluorescence) or dehy-
drated and mounted in Permount (immuno per-
oxidase) and examined with a fluorescence or light
microscope. Controls included sections exposed to
antigen-inactivated antiserum (10-100 pg of the
respective peptide/ml diluted antiserum).

CELL AND CRYPT QUANTIFICATION
The sections were cut perpendicular to the mucosal
surface. The number of immunoreactive cells was
counted in a light microscope or in a fluorescence
microscope using x 10 objective and x 12-5 eyepiece

Table 3 Source, dilution and characteristics of the different antisera

Antiserum against Code  Antigen Dilution of antisera  Source of antiserum References
FITC PAP
Cholecystokinin Pure porcine 1:10 1:320 ‘W. Schlegel, Dept. of Gynecology Schlegel and Raptis
(CCK) CCK-33 Univ. of Miinster, Germany (1977)
Gastrin-17 Lé6 Synthetic human — 1:600 G. Dockray, Dept. of Physiology Dockray and Taylor
gastrin 1-17 Univ. of Liverpool, England (1976)
Gastric inhibitory R-D Pure porcine 1:80 — T. O’Dorisio, Div. of Endocrin. and O’Dorisio et al. (1976)
peptide (GIP) GIP Metabolism, Ohio State Univ., Colombus
Glucagon-entero- 4304 Porcine pancreatic 1:20 1:2560 J. Holst, Dept. of Clin. Chem. Bispebjerg Holst and Aasted (1974)
glucagon glucagon Hospital, Copenhagen, Denmark
Motilin GP Synthetic motilin  1:80 1:5120 N. Yanaihara, Dept. of Bioorganic Yanaihara et al. (1978)
1103 Chemistry, College of Pharmacy,
Shizuoka, Japan
Neurotensin HC-8  Synthetic neuro- 1:40 1:640 R. Carraway, Dept. of Phys. and Lab. Carraway and Leeman
tensin of Human Reproduction, Harvard Med. (1976)
School, Boston, Mass., USA
Pancreatic poly- Pure human PP 1:20 1:80 R. E. Chance Lilly Res. Lab. Eli Lilly, Larsson et al. (1976)
peptide (PP) Indianapolis, USA
Secretin 5585 Pure porcine 1:80 1:2560 J. Fahrenkrug and O. B. Schaffalitzky Fahrenkrug et al. (1976)
secretin de Muckadell, Dept. Clin. Chem.
Bispebjerg Hospital, Copenhagen,
Denmark
Somatostatin 19576  Synthetic ovine — 1:320 M. P. Dubois, Station de Phys. de la Dubois (1975)
somatostatin Reprod. Inst. Nat. de la Rech.
Agronomique, Nouzilly, France
Substance P K 16 Synthetic substance 1:20 1:160 G. Nilsson, Dept. of Pharm., Karolinska Nilsson et al. (1975)
P Inst., Stockholm, Sweden
Vasoactive intestinal 5603 Pure porcine VIP  1:80 1:5000 Same source as secretin antiserum Fahrenkrug and

peptide (VIP)

Schaffalitzky de
Muckadell (1977)
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(visual field diameter 2-8 mm). Cells were counted in
10 randomly selected visual fields (entire thickness of
the mucosa visible) in at least five sections from each
biopsy and with each of the antisera. Cell counts are
expressed as number of cells per visual field. The
number of crypts per visual field was counted and
their lengths measured in 12 patients with a normal
mucosa and in seven patients with a flat mucosa (at
least six sections from each biopsy were examined).
Mean values, standard deviations, and statistical
significance according to Student’s ¢ test were
calculated.
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Results

Cells displaying somatostatin, GIP or CCK immuno-
reactivity were fairly numerous in all specimens.
The number of these cells was almost doubled in the
patients having a flat mucosa (Table 4; Figs 1 and 2).
In normal mucosa the somatostatin cells and the
GIP cells were mainly localised in crypts, while the
CCK cells were fairly evenly distributed between
villi and crypts (Table 5).

Glucagon-enteroglucagon cells, motilin cells, and
secretin cells occurred in moderate number in all

Table 4 Number per visual field of various immunoreactive endocrine cells in coeliacs and in patients with

normal duodenal mucosa

Hormone Mucosa
Normal Flat and convoluted Flat

Somatostatin 81+ 23 136 + 6:1* (68%) 15-3 + 6-2* (89%)
n=24 n =14 n =10

GIP 82+ 45 164 + 9:7t (100%;) 17-5 £+ 9-4* (113%)
n=22 n=13 n=9

CCK 11-1 + 76 19-3 + 11-61 (74%) 20-1 + 7-6t (82%)
n =24 n=14 n =10

Glucagon 42 4 26 62 &+ 2-1% (48%) 72 £+ 1-6t (11%)
n =20 n=10 n==~6

Motilin 32418 47 + 3-5NS (47%) 57 + 3-6% (78%)
n =24 n=14 n =10

Secretin 56 +23 39 4 1443 (-30%) 37 £ 1-58 (-33%)
n=24 n=14 n =10

* = p<0-001, t = P<0-02-0-01, 3 = P<0:05, NS = not significant, Mean + SD, Percent change in parentheses, n = number of patients.
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Fig. 2 Sections of duodenal biopsies (DEPC fixation) stained for CCK (above) and somatostatin
(below). PAP technique. Left, patient with normal mucosa. Right, coeliac (flat mucosa). x 200.

specimens. The glucagon-enteroglucagon cells char-
acteristically displayed a variable intensity of
immunostaining. Their number was slightly increased
in coeliac disease (Table 4). In some other
mammalian species these cells seem to be identical

with the cells storing GIP immunoreactivity (Alumets
et al., 1978). In man, however, only a proportion of
the GIP immunoreactive cells displays glucagon-
enteroglucagon immunoreactivity.

The number of motilin cells was slightly increased
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Table 5 Quantitative topographical distribution of various endocrine cell types in normal mucosa together with
actual and expected changes in coeliacs if changes were due to crypt hyperplasia only

Cells storing Normal mucosa Flat mucosa
Crypt villi Expected Actual

Somatostatin +++ + 4 t
GIP +++ + 1 1
CCK ++ ++ <« 4
Glucagon +(+) + 1 4
Motilin + + - 4
Secretin +) + + i

(+) rare, + few, +(+) moderate number, + + many, + + + numerous, } increased, «—> unchanged, | reduced.

in patients having a flat mucosa, while the secretin
cells were slightly reduced in number (Table 4). In
the normal mucosa the latter cells were mainly
localised on villi, while the glucagon-enteroglucagon
and motilin cells were evenly distributed between
villi and crypts (Table 5).

Only very few cells storing immunoreactive
gastrin-17, substance P or neurotensin were observed
in all patients regardless of diagnosis.

No cells displaying PP or VIP immunoreactivity
were seen. VIP immunoreactive nerves were
numerous in the lamina propria in all. specimens.

The cryptsin the flat mucosa were2-5 to three times
longer than in the normal mucosa. Thus the length
of the crypts in the flat mucosa was almost the same
as the distance from the base of the crypt to the tip
of the villi in the normal mucosa. The number of
crypts per visual field was the same in the normal
and the flat mucosa (7-8 + 0-4 and 7-8 + 0-4, res-
pectively).

Four patients on gluten free diet had a mucosa
with ridging of villi. Here, the number of the various
endocrine cell types did not differ from that of the
control group.

Discussion

Available data including those of the present study
suggest that certain intestinal endocrine cell popula-
tions are affected in coeliac disease. However, the
nature of this change is debatable. We found that in
the flat mucosa the somatostatin cells, GIP cells, and
CCK cells were markedly increased in number, while
the number of secretin cells was slightly reduced.
The endocrine cell pattern and the intestinal mor-
phology returned to normal upon withdrawal of
gluten (four patients). The present results are in
agreement with those obtained in earlier investi-
gations as regards the CCK cells (Polak et al.,
1978). Where the secretin cells are concerned our
findings are at variance with those of Polak et al.
(1973, 1978). It should be recalled, however, that
our material differs from theirs in that we studied

adults only.

Can the observed change in number of the
various endocrine cell types be explained by the
altered mucosal morphology with loss of villi and
elongation of crypts? In fact, two of the cell types
which increase in number in coeliac disease, somato-
statin cells and GIP cells, normally predominate in
the crypts. Secretin cells which are found mainly on
the villi tend to be fewer in coeliac disease. However,
CCK cells which are evenly distributed between
crypts and villi are greatly increased in number. This
finding does not support the view that the altered
cell pattern simply reflects an altered mucosal mor-
phology. Table 5 shows the topographical distribu-
tion of the various endocrine cell types in normal
mucosa together with the actual and expected
quantitative changes in coeliacs had the above
hypothesis been true.

There are reports claiming that the response of the
exocrine pancreas to intraduodenal stimulation with
amino acids is reduced in coeliac disease (Di Magno
et al., 1969). In addition, a decreased emptying of
the gallbladder in response to a fatty meal has been
observed (Low-Beer et al., 1971). The response to
exogenous secretin and CCK was normal (Di Magno
et al., 1969; Low-Beer et al., 1971). This may
perhaps suggest reduced blood levels of CCK and
secretin in coeliac disease. In fact, immunochemical
determinations have shown a lowered plasma
secretin response to intraduodenal stimulation with
citric acid in coeliac disease (Bloom et al., 1976;
Besterman et al., 1978). These findings cannot be
explained in terms of altered endocrine cell pattern
only. Conceivably, impaired release may contribute
to the reduced hormone blood levels and to the
impaired physiological response to stimuli.

References

Alexander, J. O. (1975). The small intestine. In Dermatitis
Herpetiformis (Major Problems in Dermatology, vol. 4),
p. 236 ff. Saunders: London.

Alumets, J., Hakanson, R., O’Dorisio, T., Sjolund, K., and
Sundler, F. (1978). Is GIP a glucagon cell constituent?



552

Histochemistry, 58, 253-275.

Besterman, H. S., Bloom, S. R., Sarson, D. L., Blackburn,
A. M., Johnston, D. J., Patel, H. R., Stewart, J. S.,
Modigliani, R., Guerin, S., and Mallison, C. N. (1978).
Gut hormone profile in coeliac disease. Lancet, 1, 785-788.

Bjorklund, A., Falck, B., and Owman, C. (1972). Fluorescence
microscopic and microspectrofluorometric techniques for
the cellular localization and characterization of biogenic
amines: In Methods in Investigative and Diagnostic
Endocrinology. Edited by S. A. Berson. Vol. 1: The Thyroid
and Biogenic Amines. Edited by J. E. Rall and I. J. Kopin,
pp. 318-368. North-Holland: Amsterdam.

Bloom, S. R., Patel, H. R., and Johnston, D. 1. (1976).
Failure of secretin release in coeliac disease (Abstract).
Gut, 17, 812.

Carraway, R., and Leeman, S. E. (1976). Radioimmuno-
assay of neurotensin, a hypothalamic peptide. Journal of
Biological Chemistry, 251, 7035-7044.

Challacombe, D. N., Dawkins, P. D., and Baker, P. (1977).
Increased tissue concentrations of 5-hydroxytryptamine in
the duodenal mucosa of patients with coeliac disease. Gut,
18, 882-886.

Challacombe, D. N., and Robertson, K. (1977). Entero-
chromaffin cells in the duodenal mucosa of children with
coeliac disease. Gut, 18, 373-376.

Di Magno, E. P., Go, V. L. W., and Summerskill, W. H. J.
(1969). Pancreozymin secretion is impaired in sprue
(Abstract). Gastroenterology, 56, 1149.

Dockray, G. J., and Taylor, I. L. (1976). Heptadecapeptide
gastrin: Measurement in blood by specific radioimmuno-
assay. Gastroenterology, 71, 971-977.

Dubois, M. P. (1975). Immunoreactive somatostatin is
present in discrete cells of the endocrine pancreas. Proceed-
ings of the National Academy of Sciences, 72, 1340-1343.

Fahrenkrug, J., and Schaffalitzky de Muckadell, O. B. (1977).
Radioimmunoassay of vasoactive intestinal polypeptide
(VIP) in plasma. Journal of Laboratory and Clinical
Medicine, 89, 1379-1388.

Fahrenkrug, J., Schaffalitzky de Muckadell, O. B., and
Rehfeld, J. F. (1976). Production and evaluation of
antibodies for radio immunoassay of secretin. Scan-
dinavian Journal of Clinical and Laboratory Investigation,

K. Sjélund, J. Alumets, N.-O. Berg, R. Hdkanson, and F. Sundler

36, 281-287.

Holst, J. J., and Aasted, B. (1974). Production and evaluation
of glucagon antibodies for radio immunoassay. Acta
Endocrinologica (Kbh), 77, 715-726.

Larsson, L. I., Sundler, F., and Hakanson, R. (1976).
Pancreatic polypeptide: A postulated new hormone.
Diabetologia, 12, 211-226.

Low-Beer, T. S., Heaton, K. W., Heaton, S. T., and Read,
A. E. (1971). Gallbladder inertia and sluggish enterohepatic
circulation of bile-salts in coeliac disease. Lancet, 1,
991-994.

Nilsson, G., Pernow, B., Fischer, G. H., and Folkers, K.
(1975). Presence of substance P-like immunoreactivity in
plasma from man and dog. Acta Physiologica Scandinavica,
94, 542-544.

O’Dorisio, T. M., Cataland, S., Stevenson, M., and Mazza-
ferri, E. L. (1976). Gastric inhibitory polypeptide (GIP).
Intestinal distribution and stimulation by amino acids and
medium-chain-triglycerides. American Journal of Digestive
Diseases, 21, 761-765.

Pearse, A. G. E., and Polak, J. M. (1975). Bifunctional
reagents as vapour- and liquid-phase fixatives for immun-
histochemistry. Histochemical Journal, 7, 179-186.

Polak, J. M., Bloom, S.R., McCrossan, M. V., Timson, C. M.,
Johnston, D. R., Hudson, D., Szelke, M., and Pearse,
A. G. E. (1978). Cholecystokinin abnormalities in coeliac
disease (Abstract). Gastroenterology, 74, 1079.

Polak, J. M., Pearse, A. G. E., van Noorden, S., Bloom, S. R.,
and Rossiter, M. A. (1973). Secretin cells in coeliac
disease. Gut, 14, 870-874.

Schlegel, W., and Raptis, S. (1977). A reliable method for
generating antibodies against pancreozymin, secretin and
gastrin. Clinica Chimica Acta, 73, 439-444.

Sternberger, L. A. (1974). Immunocytochemistry. Prentice-
Hall: New Jersey.

Yanaihara, N., Sato, H., Yanaihara, C., Shimizu, G.,
Mihara, S., Mochizuki, T., Yamaguchi, I., Abe, K., Itoh,
Z., Shin, H., and Imagawa, K. (1978). Characterization of
various antisera against synthetic porcine motilin
(Abstract). Scandinavian Journal of Gastroenterology, 13,
suppl. 49, 195.



