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HLA-DR expression, natural killer cells and IgE
containing cells in the jejunal mucosa of coeliac
children
A ARATO, E SAVILAHTI, V-M TAINIO, M VERKASALO AND T KLEMOLA

From the Children's Hospital, University of Helsinki, Finland

SUMMARY The expression of HLA-DR by surface and crypt epithelium and the numbers of cells of
natural killer (NK) phenotype and of IgE containing cells were studied with monoclonal antisera
using the peroxidase technique. We examined 48 jejunal biopsy specimens taken from 35 coeliac
children before treatment (11), during gluten free diet (20) and after gluten challenge (17), and 13
control specimens. The luminal surface of the epithelial cells stained with HLA-DR antiserum in
all specimens, but the cytoplasm of the surface epithelial cells took up the stain more frequently in
the specimens from the controls (5/13) than those from the coeliacs (2/48) (p<0 01). In 21/28
specimens taken from coeliacs when on a gluten containing diet the crypt epithelium showed strong
HLA-DR expression, while only 4/20 (p<001) specimens of coeliacs on a gluten free diet and 1/13
specimens of controls had similar staining. Among the intraepithelial lymphocytes no cells of NK
phenotype were found in specimens from patients or controls. As compared with control
specimens biopsy specimens from untreated coeliac patients showed smaller numbers of NK cells
in the lamina propria. No difference was found in the numbers of IgE containing cells between the
patients and controls. The strong expression of HLA-DR by the crypt epithelial cells in coeliac
children on a normal diet suggest that these cells are involved in the presentation of the antigen.

Coeliac disease is probably caused by a genetically
determined abnormal immune reaction to gluten.
Interest has been focused recently on the HLA-DR
expression by the epithelium of the small intestinal
mucosa. HLA-DR antigens are genetically encoded
molecules that restrict the immune response.' Their
presence is well known on B cells, activated T cells,
and some interdigitating cells and macrophages. In
addition, it has been recognised in guinea pigs that
other cells, including epithelial cells, can also express
HLA-DR antigens. HLA-DR antigens have also
been detected on the epithelial cells of normal human
small intestine. The distribution of HLA-DR
antigens on the jejunal epithelial cells of adult coeliac
patients has been reported to differ from that seen in
controls.7 The pattern of HLA-DR expression on
the jejunal epithelium of coeliac children has also
recently been shown to differ from that of healthy
children .'

Natural killer cells are a distinct population of
lymphocytes that seem to be involved in immune
surveillance and protection against the development
of malignancy.' A reduction in the number of NK
cells may possible explain the malignancy occurring
in patients with long standing coeliac disease. It has
become possible to quantify these cells by using
surface markers."'

Results of previous studies"' concerning the
numbers of IgE positive cells in the jejunum of
coeliac patients have been contradictory and the role
of the IgE mediated immune reaction in coeliac
disease is disputed.

Using the peroxidase technique with monoclonal
antisera we studied the expression of HLA-DR
antigens and the numbers of natural killer and IgE
containing cells in the small intestinal mucosa of
coeliac children.

Methods
Address for corrcspondencc: Dr E Savilahti, Childlrcn's Hospital. Univcrsity of
Hlcisinki SF-()()291) lHcisinki, Finland.
Rcccived for publication 10 Deccmber 1986.

PATIENTS

We studied 48 specimens from 35 children with
988

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://gut.bm

j.com
/

G
ut: first published as 10.1136/gut.28.8.988 on 1 A

ugust 1987. D
ow

nloaded from
 

http://gut.bmj.com/


HLA-DR expression, natural killer cells and IgE containing cells in thejejunal mucosa ofcoeliac children 989

confirmed or suspected coeliac disease (16 girls,
19 boys, mean age at the biopsy before treatment
=7-8 years, range =0-6-15-5 years) at the Children's
Hospital, University of Helsinki. All biopsy
specimens taken before dietary treatment showed
severe villous atrophy. In 20 patients the jejunal
mucosa became normal during a gluten free diet and
relapsed after gluten challenge. In seven a significant
improvement in jejunal morphology was seen on a
gluten free diet. The remaining eight patients had
only recently been put on a gluten free diet; the
history, with characteristic physical and laboratory
findings, followed by clinical improvement on a
gluten free diet, strongly suggests that these patients,
too, have coeliac disease. The duration of the gluten
free diet was on average 4-3 years (range =1-0-11-7
years). The duration of gluten challenge (normal
gluten-containing diet) was on average 4-6 months
(range 1-1-7-5 months). For 11 patients specimens
taken before dietary treatment were available for this
study. Specimens were obtained from 20 patients on
gluten free diet before the planned challenge and
from 17 after the gluten challenge. In specimens from
11 patients immunohistological analyses were done
both before and after gluten challenge. About
two hours before the biopsy on a gluten free diet
was taken, 12 of the 20 patients examined were
challenged with 1 g wheat (1% gruel in water).
Specimens of 13 control patients (seven girls, six
boys, mean age 8.2 years, range =0-65-15*2 years)
were available for this study. Jejunal biopsy was
taken from these patients because of poor weight
gain or slow growth rate. None had gastrointestinal
symptoms, nor did careful clinical and laboratory
examination reveal any gastrointestinal disorders. In
every case the histology of the proximal jejunum was
normal.

TISSUE PROCESSING
Biopsy specimens for this study were taken from the
proximal jejunum near the ligamentum of Treitz
using a Crosby-Kugler capsule of paediatric size. The
fresh biopsy specimens were divided, and one piece
was used for routine investigatiQns. The piece for this
study was orientated, embedded in OCT compound
(Tissue-Tek 4538 Mil Lab Inc, USA) and frozen in
Freon 22 suspended over liquid nitrogen. The frozen
pieces were stored at -70°C until stained. Sections 5
iim thick frozen were cut in a cryostat, air dried for
one hour and fixed in acetone, at 4°C for 10 minutes.
The sections were placed in chloroform for 30
minutes and then washed in Tris buffer.

MONOCLONAL ANTISERA
Antihuman HLA-DR (Becton Dickinson, Mtn

View, Ca, USA) mouse monoclonal antiserum was
used for the detection of cells expressing HLA-DR.
It was used in dilutions of 1:500 or 1:1000 for
examination of cells in the lamina propria or in the
epithelium, respectively. Natural killer cells were
stained with antihuman Leu I lb (Becton Dickinson,
Ca. USA) mouse monoclonal antiserum in a dilution
of 1:10. IgE containing cells were identified with
mouse monoclonal anti-human IgE (Bio-Yeda,
Rehovot, Israel) antiserum in 1:40 dilution. Mono-
clonal antisera were diluted with Tris buffer (pH =
7-4) containing 0-1% bovine serum albumin. At the
same time we used a panel of other monoclonal
antisera to study the lymphocyte subpopulations in
the specimens. A report on these results is in
preparation (Verkasalo et al.)

IMMUNOHISTOCHEMICAL METHOD
Monoclonal antisera were applied to the sections as
a first layer. The second layer was peroxidase
conjugated rabbit antimouse immunoglobulin
(Dakopatts, Copenhagen, Denmark) diluted 1:10
and the third layer was peroxidase conjugated goat
antirabbit IgG (Tago, Burlingame, Ca. USA)
diluted in 1:10. The dilutions were made with Tris
buffer containing 50% normal human serum. All
incubations were carried out at room temperature for
30 minutes. Between each step the sections were
washed with Tris buffer. They were stained with
hydrogen peroxide activated AEC (3-amino-9-
ethylcarbazole, Sigma, St Louis, Mo, USA) for 20
minutes. All specimens were counterstained with
haematoxylin (30 seconds). Slides were mounted in
Aquamount (Gurr, England). The negative control
sections went through the same process without the
first layer of monoclonal antisera. IgA containing
cells were measured in paraffin sections by the direct
immunoperoxidase method, using polyclonal rabbit
antiserum to human IgA.'" We examined the slides
with a Leitz Ortholux light microscope. The HLA-
DR, the Leu llb and the IgE positive cells were
counted in the lamina propria of the jejunal mucosa
at 900x magnification, using a grid (2000 square pm)
placed in the eyepiece of the microscope; their
numbers were expressed as cells per mm'. Cells were
counted in 30-40 fields of the grid. The pattern of
HLA-DR expression was evaluated separately for
the surface and crypt epithelial cells. In the surface
epithelial cells the distribution of the HLA-DR
expression (brush border+supranuclear area, and
whole cytoplasm) was observed. In the crypt
epithelium the intensity of HLA-DR expression was
graded as strong, weak or negative.

STATISTICAL ANALYSIS
Measurements on biopsy specimens were compared,
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Table I Distribution ofHLA-DR antigens on the epithelial
cells ofthejejunum ofcoeliac patients and controls.

.Specimnens Brush border and Whole
(n) supranuclear area cytoplasm

Coeliac patients
before treatment 11 10 1

Cocliac paticnts
during gluten
free diet* 20 19 1

Coeliac patients-
after gluten
challenget 17 17 (

Controls 13 8 5

*p<())5 v control; tp<O-01 v control.

using a computer, by Student's t test and Fisher's
exact test. " Measurements on specimens taken
before treatment, after a gluten free diet and after
gluten challenge were compared with each other and
with those of control specimens

Table 2 Expression ofHLA-DR antigens on the crypt
epithelium ofthejejunum ofpatients with coeliac disease and
ofcontrols

Specimens HLA-DR Expression
(tn) Strong Weak Absent

Coeliac patients
before treatment* 11 8 2 1

Coeliac patients during
gluten free diet 20(11) 4(1) 10(6) 6(4)

Coeliac patients after
gluten challenge 17(11) 13(10) 4(1) 0(()

Coeliac patients with
total or subtotal
atrophyt 28 21 6 1

Coeliac patients with
normal villous
structure 17 3 9 5

Controls 13 1 5 7

*p<t).01 v control; tp<000)1 v control; tp<00)001 v control.
The findings in the biopsy specimens of 11 patients followed through
prolonged gluten challenge are given in parentheses.

Results

H LA-DR EXPRESSION
HLA-DR expression was seen in the surface

epithelial cells in biopsy specimens from all the
coeliac patients and controls. The specimens from
the coeliac patients however, differed from those
from controls. In only 2/48 specimens taken from

Fig. 1 Frozen section ofthejejunal mucosa ofa coeliac patient on a glutenfree diet; the specimen is strained with monoclonal
antiserum to HLA -DR. The surface epithelial cells HLA-DR expression on the brush border and in the supranuclear area. No
HLA-DR staining can be seen in the crypt epithelium. SeveralHLA-DR positive cells are seen in the lamina propria.
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coeliacs was the whole cytoplasm of the surface
epithelial cells stained with anti-HLA-DR antiserum,
whereas 5/13 control specimens showed this staining
pattern (p<0()1) (Table 1). The intensity of
HLA-DR expression in the crypts was significantly
stronger in the specimens from coeliac patients on a
gluten containing diet having a severe jejunal lesion
than in those from the controls (Table 2). The
majority of specimens from the coeliac patients on a
gluten free diet and from the controls showed only
very weak HLA-DR expression, if any in the crypt
epithelium (Fig. 1). Most of the specimens from
coeliac patients on a normal diet exhibited a strong
HLA-DR expression in the crypt epithelium (Fig. 2).
There was a significant change (p<001) towards
stronger HLA-DR expression of crypt epithelium in
11 coeliac patients after prolonged gluten challenge
compared with prechallenge staining, (Table 2). No
difference in the intensity of HLA-DR staining was
found between specimens from patients on gluten
free diet who had received a single dose of 1 g wheat
before the biopsy and specimens from patients
without this pre-biopsy wheat dose (strong expression
2/12 v 2/8, weak 7/12 v 3/8, and negative 3/12 v 3/8 in
patients with v without pre-biopsy wheat dose).
The numbers of HLA-DR positive cells in the

lamina propria were higher in specimens from
untreated coelilc patients than in those from controls
(Table 3), though there was much overlapping. In
specimens taken after a gluten free diet and gluten
challenge, the numbers of HLA-DR positive cells
were similar to those of controls. In the specimens of
11 patients followed through prolonged gluten
challenge the numbers of HLA-DR positive cells did
not change (Table 4).

Leu-llb POSITIVE (NATURAI KIllFR) CEIIS
The number of Leu-l lb positive cells in the lamina
propria were lower in specimens from untreated
coeliacs than in those from controls, but there was
considerable overlapping between these groups
(Table 3). The numbers of Leu 11 b positive cells in
specimens from the 11 patients followed through
prolonged gluten challenge did not change signifi-
cantly (Table 4). Intraepithelial lymphocytes were
not stained by Leu-llb antiserum neither in the villi
nor in the crypts.

IgE POSITIVE CEI LS
We found these cells in relatively large numbers in
the lamina propria (Fig 3). Specimens from coeliacs
and controls showed similar numbers of IgE positive

V~~~~~~~~~~~~~~~~~~~~
Fig. 2 Frozen section ofjejunal mucosa ofa coeliac patient on gluten challenge; the specimen is stained with monoclonai
antiserum to HLA -DR. Positive staining can be seen in both the surface and the crypt epithelium. The heights ofthe
surface epithelial cells are reduced.
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Table 3 Nuihber ofHLA -DR, Leni- I b, IgE an(t IgA positivle cells in thie lainina propria ofthe jejunllin ofpatient.s with
coeliac and of controls (cells per mmn')

Hl A-DR I-e1ell IgI IgA
SeI)('( IN mea('t1.(ill ± SI) Ine'aili ± SD) u?t(i1i +mea D i1(mnea + SD
(a) (rllge) (00) (range) (ii) (ratnige) (00) (rantge)

Cocliacplticnts 11 8(055+8185 10O 148+50 11 224+116 11 1896 +798k
bcforc trcitimecnt (524- 1115) (84-23(0) (98-509) (209-2914)

Cochlac paticntsdUiring 21) 711+2(109 18 154+82 19 223+91 19 1557+628t
a gIitceifi-cc diet (319- 1120() (48-382) (81)-465) (836-3428)

Cocliac patticits alfter 17 651 + 145 16 198+86 17 217+7(1 17 2133+635t
gl tcn challenge (384-868) (8(1-392) (137-351) (1(196-3226)

Controls 13 588+214 11 21+X±80 12 298+142 13 11(05+262
(274-967) (116 -395) (123- 510) (677- 1522)

ep<0(0v)IF controls, pC(<0()1 1, coltrtos; tp<0()00l v controls.

Table 4 Number ofHLA-DR, Leu-llb, IgE and IgA
positive cells in the lamina propria of the jejunum of 11
coeliac patients followed through prolonged gluten challenge
(cells per mni)

HLA-DR leu 1/1 IgE IgA
Mean +±S) Mean±+S) Mean±+SD Mean +1SD
(Ranige) (Rantge) (Rantge) (Range)

luring at gltitcn 646+ 196 168+ ()12 2)2+ 1()7 1563+467
frdcdict (319-917) (48 -382) (180( 465) (922 22 1 6)

Aftcr glutcn 646+ 137 192(+87 24(0+68 2223+554
chailcngc (384 837) (80-392) (159 351) (1235-3226)

*p<()*(l during gIlitcn frcc dict v ilftcr challcngc.

cells (Table 3). The numbers of IgE positive cells
were similar in specimens from the 11 patients
followed through prolonged gluten challenge (Table
4). The ratio of IgE positive cells to IgA containing
plasma cells was however, significantly lower in the
patients during gluten free diet (0. 156) (p<0(05) and
on gluten challenge (0-112) (p<0-01) than in the
controls (0.305).

Discussion

Using monoclonal antisera and a sensitive immuno-
peroxidase technique, we studied the numbers of
natural killer cells and IgE positive cells, and also the
features of HLA-DR expression, in the jejunal
mucosa of coeliac children and controls. The role
of NK cells in the jejunal mucosa is incompletely
understood. Cytoplasmic granules similar to those
present in the NK cells of blood'7 have been found in
30(-500 of intraepithelial lymphocytes of human
gut.' As shown by earlier immunohistochemical
studies, however, lymphocytes with surface antigens
typical of natural killer cells are rare or non-existent
intraepithelially.' Neither did we find Leu-llb

positive natural killer cells intraepithelially in
specimens from coeliacs or controls. The untreated
coeliac patients had smaller numbers of natural killer
cells in the lamina propria than the controls, but the
numbers were normal during gluten elimination and
after challenge. Natural killer cells have been found
to function normally in coeliac disease' and as their
numbers and distribution in the jejunal mucosa do
not differ greatly from normal, a derangement of this
mechanism of immunity can be hardly relevant to the
pathogenesis of coeliac disease, or responsible for the
increased risk of malignancy in this disorder.

Previous studies on the relationship between the
IgE containing cells and coeliac disease did not
show concordant results. Some authors found no
difference in the number of IgE containing cells
between coeliac patients, whether on a normal or on
a gluten free diet and controls.""" Others reported
the numbers of IgE containing cells to be slightly'r2
or markedly"' increased in coeliac patients. We found
no difference in the numbers of IgE positive cells
between the coeliac patients and the controls.
With this method we could not distinguish IgE
containing mast cells and IgE producing plasma cells;
nevertheless, the smaller numbers of IgE positive
cells in coeliacs, irrespective of the type of diet, seem
to rule out the pathogenetic role of these cells. In
comparison with the numbers of IgA producing cells,
their relative frequency was highest in the controls.
We found a larger number of cells expressing

HLA-DR antigens in the lamina propria of the
jejunum in coeliac children than in the controls. The
cell number was significantly higher only in the
untreated patients. This finding may indicate that the
damaged mucosa admits a larger antigen load, and
therefore more antigen presenting cells and activated
T cells and B cells accumulate in the lamina propria.
Our findings are in accord with previous obser-

vations that the surface epithelium of the small
intestine of both coeliac patients and controls shows

9??92
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HLA-DR expression. "- The two groups had slightly
different patterns of HLA-DR expression in the
surface epithelium. Fewer patients than controls
showed staining of the whole cytoplasm of the surface
epithelial cells. The explanation for this finding may
be that immature surface epithelial cells express less
HLA-DR antigens. In coeliac disease, epithelial
replacement is accelerated and therefore the number
of functionally immature jejunal surface cells is
greater. The cell kinetics does not become fully
normal even on a gluten free diet,24 which explains
the slight difference in HLA-DR expression of the
surface epithelial cells between coeliacs even when
treated, and controls.

In the crypt epithelium we found a striking
difference in HLA-DR expression between coeliac
patients and controls. When the patients were on a
normal gluten containing diet, the majority of biopsy
specimens showed strong expression of HLA-DR
along the whole lengths of the crypts, whereas on a
gluten free diet the expression of HLA-DR in the
crypts did not differ from that seen in the controls.
We saw no difference in the HLA-DR expression of
the crypt epithelial cells in the specimens from
treated coeliac children who had ingested a single
dose of gluten about two hours before the biopsy was

taken. This result differs trom that of Ciclitira et al.
who found HLA-DR expression in crypts of
specimens of treated coeliacs within two hours of
gluten challenge. They speculated that the rapid
induction of HLA-DR antigens in the crypt
epithelium after gluten challenge was caused by
gamma-interferon, a product of gluten sensitive
T cells, which is a potent inducer of HLA-DR
expression not only on macrophages but also on
epithelial cells.' Our results do not confirm this
theory, although another explanation of the different
findings may be that for the single challenge they used
10 times the amount of gluten that we did.7 Mayer
and Shlien" recently reported that in animals the type
of immune response caused by the same antigen
borne on different antigen presenting cells may
be different. Stimulation with adherent cells
(macrophages and dendritic cells) resulted in
increase chiefly in the number of helper cells.
Stimulation with epithelial cells from the jejunum
resulted in predominantly suppressor T cell response.
This observation, taken in conjunction with our
findings suggests that the strong HLA-DR expression
by the crypt epithelium might be a defence mech-
anism aimed at tolerance to the increased antigen
load through the damaged small intestinal mucosa.

N- 4

Fig. 3 Frozen section ofjejlnal mincosa ofa coeliacpatient on gluten c(hallenge; the speoimen i.s sained Wiih anti IgE
mtonoclonal antisera.
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This hypothesis is also supported by our finding
(Verkasalo et al, in preparation) that the number of
suppressor T cells in the crypt epithelium is increased
in coeliacs on a normal gluten containing diet.

We thank Terttu Luohio and Marjut Appelqvist for
skilful technical assistance. This work was supported
by grants from the Sigrid Juselius Foundation, the
State Medical Research Council and the Foundation
for Paediatric Research, Finland.
A. Arato was a recipient of a Nestle scholarship

while doing this research.
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