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Immunohistochemical findings in jejunal
specimens from patients with IgA deficiency
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Abstract
Jejunal biopsy specimens from 25 patients
with IgA deficiency (IgAd) were studied
immunohistochemically to find markers
of inflammation. Five of the 25 patients
had coeliac disease (CD): they were on a
gluten free diet and had normal jejunal
morphology. Only two of 15 specimens
from control subjects had CD25+ cells in
the surface epithelium, while this was
seen in 19 out of 20 specimens from IgAd
patients (p<0.0001). A significant increase
of CD25+ cells was also noted in the lam-
ina propria of IgAd patients. The median
percentage of crypt cells in mitosis (Ki67+
cells) was higher in the specimens from
IgAd patients (26%) than in those from
controls (13%, p<0.001). The densities of
yS T cell receptor positive cells in the sur-
face epithelium and lamina propria did
not differ in the specimens from IgAd
patients and those of controls nor was
the expression of HLA class II antigens
augmented in the surface epithelium.
These findings were similar for the IgAd
patients whether or not the patient had
DQB 0201 allele, a genetic marker which
is strongly associated with CD. The inad-
equacy of the local immunoglobulins in
patients with IgAd may lead to increased
T cell activation, which is accompanied by
the appearance of intraepithelial CD25+
cells and with an increase in the mitotic
rate in the crypts.
(Gut 1995; 37: 519-523)
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Mucosal IgM antibodies of patients with IgA
deficiency (IgAd) may be less efficient than IgA
antibodies, resulting in a longer excretion of
vaccine viruses than seen in normal
individuals.1 IgAd patients with a history of fre-
quent respiratory tract infections were seen to
respond to an oral cholera vaccination with
significantly higher intestinal cholera toxin-
specific IgG and IgM antibody responses than
healthy IgAd individuals and controls.2 The
increased intestinal IgG response may maintain
inflammatory and tissue damaging processes in
the intestine of IgAd patients by complement
activation. Gut permeability to foreign proteins
is increased in IgAd patients. They often have
high titres of milk antibodies,3 4 and excessive
uptake of dietary antigens into the circulation
has been reported.4 5 We studied jejunal biopsy
specimens from patients with IgAd to find if the
inadequacy of mucosal antibodies in these

patients causes changes in the expression of T
cell activation markers in jejunal mucosa.
Asymptomatic coeliac disease (CD) is often

found among patients with IgA deficiency
(IgAd) - the frequency of CD in these patients
is about 10%.6 A strong association has been
found between IgAd and the HLA DQB 0201
gene.7 HLA associated susceptibility to develop
CD is primarily conferred by HLA DQ
(ot1*0501, 11*0201) heterodimer coded by the
DQA 0501 and DQB 0201 genes.8 9 An
increase in the density of lymphocytes bearing
y8 T cell receptor (y8TCR+), cx3 T cell recep-
tor (c43TCR+), and enhanced expression of
HLA class II antigens DR and DP in the jejunal
epithelium are typical of CD.'0'8 The intestinal
specimens of some family members of CD
patients may also display similar changes.'7 19
Among them, the changes are associated with
the occurrence of genetic markers of CD.17 19

Jejunal biopsy specimens from patients with
IgAd were studied to test if the inflammation
typical of CD was present in the jejunal mucosa
of patients with IgAd but normal jejunal
mucosa. We wished to see if the intestine of
those patients with IgAd who had inherited the
CD marker HLA DQB 0201 differed from that
IgAd patients without that gene.

Methods

PATIENTS
Jejunal biopsy was performed on all patients
with IgAd because of the increased risk of CD.
In this study jejunal biopsy specimens from 25
patients with IgAd (10 girls and 15 boys, mean
age 9.8 years) were studied. Twenty of these
patients had a normal jejunal structure while
eating normal, gluten containing diet but five
patients had CD. This had been diagnosed
before the study and these patients were on a
gluten free diet. Their jejunal morphology was
normal at the time the jejunal biopsy was taken
for this study.

Control group specimens were made up as
follows: 14 specimens from patients with
normal serum IgA and normal intestine (six
girls and nine boys, mean age 8.6 years); and
11 from patients with CD and a normal serum
IgA value (six girls and five boys, mean age
11.5 years). All CD patients were on a gluten
free diet and the morphology of their jejunal
specimens was normal.

HLA TYPING
DQB1 alleles were determined using oligonu-
cleotide hybridisation techniques according to
the 11th HLA Workshop.20
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Frequencies ofDQB 0201 and DQB 0501 positive IgAd
patients and controls

OgAd patients Controls p
Allele (n= 15) (n= 95) (Fischer)

DQB 0201 8/15 (53%) 23/95 (24%) 0-17
DQB 0501 8/15 (53%) 30.95 (32%) 0-12
DQB 0201, or 0501 15/15 (100%) 51/95 (53%) 0.03

IMMUNOHISTOCHEMISTRY

Processing the intestinal specimens
The biopsy specimens were immediately
embedded in OCT compound and stored at
-70°C. Serial cryostat sections were cut at 5
,um, fixed in acetone for 10 minutes, then in
chloroform for 30 minutes, and washed three
times in Tris buffer, pH 7.4.

Immunohistochemical staining
The buffer was removed and the sections were
covered with the diluted monoclonal antibody
(mAb) in Tris buffer for one hour.
Endogenous peroxidase was blocked by incu-
bation in 0.5% peroxidase for 30 minutes. A
Vectastain Elite AB kit (PK-6102, Vectro
Laboratories, Burlinmghame, CA, USA) was
used to stain mAb. Interleukin 2 receptor
(CD25) was stained by triple incubation of the
monoclonal antibody and alkaline phos-
phatase-antialkaline phosphatase antiserum.
The phosphatase was visualised with a fast red
reagent. 19 Positively stained cells were counted
with a light microscope at 900 X magnification.

AAb, intestinal specimens
Monoclonal antibody TCR8 (T cell Sciences,
Cambridge, MA, USA) that recognises a con-
stant region of the 8 chain ofT cell receptor and
all yi T cells, and antibody OF1 (T cell
Sciences) which react with nearly all cx T cell
receptor (oe4TCR) molecules were used at a
dilutic
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NJ, USA), CD25 (anti-CD25, Becton-
Dickinson). Monoclonal mouse anti-human
antibody against proliferating cells (DAKO-
PC, clone Ki67) was used to detect dividing
cells (Ki67+). Monoclonal antibodies to
constant fragments of HLA class II antigens,
HLA-DR, and HIA-DP were products of
Becton-Dickinson and anti-HLA-DQ mAb
was a product of Serotec Ltd, Oxford, England.

STATISTICAL ANALYSIS
The densities of cell staining in the jejunal
specimens from patients and controls were
compared using the two tailed Mann-Whitney
U test. Epithelial staining with HLA class II
antibodies was graded from 1 to 6 according to
the intensity (0 to 3) and cellular distribution
(0 to 3, apical membranes - all cell mem-
branes) and the area of staining (parts of the
villi and crypts). Fisher's exact test of prob-
ability was used to determine the differences
in HLA-DR and HLA-DP expression of
epithelial cells. The statistical significance of
differences in the DQB frequencies was evalu-
ated by Fisher's exact test. To avoid com-
parisons between populations of unequal sizes,
the actual calculations were carried out
between the patient group (n= 19) and a
control subgroup of 30 individuals which was
obtained after randomisation of the original
control group consisting of 95 unselected
Finnish individuals.

ETHICS
The study protocol was reviewed and
approved by the Ethical Committee of the
Children's Hospital, University of Helsinki.

Results

)n of 1:100. Also used was mAbs DQB ALLELES IN PATIENTS WITH IGAD
,t the following lymphocyte surface anti- DQB alleles could be determined in 19 patients
CD3 (Anti-Leu4, Becton Dickinson, with IgAd. Four of these had CD and they all

itain View, CA, USA), CD4 (anti-T4, had the DQB 0201 allele. The remaining 15
er Immunology Hialeh FL), and CD8 had IgAd only. Fifty three per cent (8/15) of
'8, Ortho Diagnostic System, Raritan, them had the DQB 0201 allele. The frequency

ofDQB 0201 in the unselected Finnish control
population was lower (24%; 23/95), but the
difference was not statistically significant. In
addition, DQB 0501 was found in 530/o (8/15)

_ * _ of the patients with IgAd only - but again
comparison with the control population (32%;

- - ~ " *30/95) showed that this was not significant.
_ _ _ " All patients with IgAd (19/19) were positive

for DQB 0201 or DQB 0501 compared with
- * - ~ * only 54% (51/95) in the controls (p=0003

I j after randomisation). As both the DQB alleles
' DQB IgAd CD, 0201 and 0501 carry 'non-Asp' at position 57,

k& g0-° g0X° ND CD normal all patients were 'non-Asp' carriers, while 76%
00& I (72/95) of controls were 'non-Asp' carriers.

IgAd patients The difference in the frequency of 'non-Asp'
1: Epithelial staining with anti-HLA-DP antibodies carriers, however, is statistically non-signifi-
rols, patients with IgAd having DQB 0201, without cant (p= 0- 18 after randomisation).

it and those in whom the gene analysts was not done
(ND). All patients with IgA deficiency (IgAd) and coeliac
disease (CD) had DQB 0201. Epithelial staining with
class II antibodies was gradedfrom 1 to 6 according to the
intensity and cellular distribution and area ofstaining.

STAINING WITH HLA CLASS II ANTIBODIES
Epithelial staining with anti-HLA-DR and
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INTERLEUKIN 2 RECEPTOR (CD25) BEARING
CELLS IN THE LAMINA PROPRIA AND IN THE
SURFACE EPITHELIUM
Patients with IgAd had more CD25+ cells in
the lamina propria (p<0 002) (Fig 3) and in
the surface epithelium of jejunal mucosa
(p<0 0001) (Fig 3) than the controls. The
increase in CD25+ cells was not associated
with the occurrence of the DQB 0201 gene.
IgAd patients with or without this gene had
similar densities of these cells in the epithelium
and lamina propria (data not shown). Nor was
the increase associated with CD - the increase
was present only in IgAd coeliac and not in
coeliac with normal IgA level (Fig 3).
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Figure 2: Densities of y8 T cell receptor (TCR) positive
(A) and a,8TCR positive (B) cells in the surface
epithelium ofjejunal biopsy specimens from patients with
IgA deficiency (IgAd) and controls expressed as cells/mm.
Medians are represented by solid lines (B). For the densities
of y8TCR positive cells the patients with IgAd are divided
on the basis of the occurrence ofDQB 0201 gene as in
Figure 1.

anti-HLA-DP was similar in patients with
IgAd without CD and controls (Fig 1).
Staining in specimens from IgAd patients
with the DQB 0201 gene did not differ from
that in IgAd patients without the DQB
0201 gene. The expression of HLA-DP
was augmented in the jejunal epithelium
of the patients with CD and IgAd (p<005)
and in the CD patients with normal IgA
(p<0005) (Fig 1). Positive staining of
epithelial cells with DQ antibody was
present in five specimens from IgAd patients
and in two control specimens but the differ-
ence was not statistically significant. The
densities of HLA-DR, HLA-DP, and HLA-
DQ-positive cells in the lamina propria did
not differ in IgAd patients and controls (data
not shown).

T CELLS, y8TCR+ AND OLPTCR+ CELLS
Densities of CD3+, CD4+, and CD8+ cells in
the surface epithelium and lamina propria did
not differ in the patient groups and controls
(data not shown). Similar densities of
otpTCR+ and y8TCR+ cells were present in
the surface epithelium (Fig 2) and lamina
propria (data not shown) of jejunal biopsy
specimens from IgAd patients without CD
and controls. Those with or without the DQB
0201 gene had similar densities of ySTCR'
cells in the epithelium (Fig 2A). IgAd patients
with CD on a gluten free diet had signifi-
cant higher densities (p<0 0001) of y8TCR+
cells in the jejunal surface epithelium (Fig
2B).

Ki67+ CELLS IN THE CRYPT EPITHELIUM
The percentage of dividing, Ki67+ cells was
increased in the jejunal crypt epithelium in
specimens from IgAd patients (p<0 001 v
controls) (Fig 4). This increase was not associ-
ated with the occurrence of CD associated
DQB genes in IgAd patients with normal
jejunum (data not shown). Specimens from
CD patients on a gluten free diet had the same
percentage of Ki67+ cells in the crypts as the
controls, while IgAd patients with CD had
similar percentages as IgAd patients with a
normal jejunum.

Discussion
Secretion of IgA is the most important defence
mechanism of the mucosal surfaces against
microbial infections and the penetration of
foreign proteins. In patients with selective IgA
deficiency, this secretion is severely diminished
or lacking and is replaced by an excessive
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Figure 3: Interleukin 2 receptor bearing (CD25+) cells in
the surface epithelium (cells/mm) (A) and in the lamina
propria (cells/mm2) (B) ofjejunal mucosa in IgAd patients
and controls. Symbols as in Figure 2.
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Figure 4: Dividing Ki67+ cells in the jejunal crypt
epithelium (expressed as percentage ofpositive cells) in
specimens from IgAd patients, controls and coeliac disease
(CD) patients. Symbols as in Figure 2.

secretion of IgM2' 22 and the presence of an
increased density of IgM secreting cells in the
jejunum.23 Intestinal diseases are common
among IgAd patients and some of them also
have minimal morphological changes in the
jejunal mucosa.24 In addition, the density of
intraepithelial lymphocytes is increased in
some patients with IgAd.25 26 In our study it
was found that the density of activated CD25+
cells in increased in both the lamina propria
and in the surface epithelium in the jejunal
mucosa of IgAd patients. Raised serum con-
centrations of soluble CD8, neopterin, and P2
microglobulin have been reported in patients
with common variable immunodeficiency27 28
and in IgAd patients.29 It has been suggested
that these findings reflect enhanced T cell
mediated immunity in these patients.27-29 Our
results also support the theory that enhanced T
cell activation is present in the intestine of
IgAd patients. The T cell activation may be
due to increased antigenic stimulation caused
by ineffective antigen exclusion or to a chronic
infection in the intestinal mucosa of IgAd
patients.

In fetal cultured intestine, T cell activation
generates total or partial villous atrophy and a
profound crypt cell hypertrophy.30 The
changes are associated with an increase of
dividing Ki67+ cells in the cryptal epithelium.
These changes are mediated by lamina propria
T cells.31 The activated T cells secrete inter-
leukin 2 and interferon y,32 33 but whether
these or other cytokines generate the prolifera-
tion of crypt cells is still unknown.32 Activated
T cells have been found in the lamina propria
of jejunal specimens from CD patients.33
These cells were present in a higher density in
both the lamina propria and epithelium of
patients with IgAd compared with controls,
indicating T cell activation in the intestine of
patients with IgAd. The increase in percentage
of dividing Ki67+ cells in the crypt epithelium
of IgAd patients may be due to this T cell
activation in the lamina propria.

Nilssen et al129 found an increased density of
Sy8TCR+ intraepithelial lymphocytes in the
jejunal mucosa in a patient with IgAd and overt
partial villous atrophy, and it was suggested
that this may reflect a compensatory mech-
anism of surface protection in patients with

IgAd and a low frequency of infection. In our
study a constant increase in y8TCR+ intraep-
ithelial lymphocytes was found only in the
jejunum of patients with IgAd and CD during
gluten free diet when their jejunal morphology
was normal. In contrast, all IgAd patients with
normal jejunum eating a normal, gluten
containing diet had a density of y8TCR+ cells
similar to immunologically normal controls.

Increased density of y8TCR+ cells and
CD25+ in the jejunal epithelium, and aug-
mented epithelial expression of HIA-DR and
HIA-DP antigens were found in a patient with
normal jejunal mucosa, who later developed
typical CD.34 These findings also occurred
together with CD marker DQ genes in relatives
ofCD patients. 17 19 These patients are thought
to show latent CD and are at an appreciably
increased risk of developing CD.'7 19 34 The
incidence of CD among IgAd patients is about
10/o. 1 HLA class II gene 0201, which is
strongly associated with CD,8 9 was present in
all of the IgAd CD patients in our study,
confirming that these patients are genetically
similar to CD patients with normal IgA levels.
Recently, Olerup et al reported that amino
acids other than aspartic acid ('non-Asp') at
position 57 of DQB are strongly associated
with IgA deficiency.7 Our results are similar to
those of Olerup et al, although the difference
in the frequency of 'non-Asp' carriers was
statistically non-significant in our study.

According to the present study, emerg-
ing, latent CD found in relatives of CD
patients'7 19 does not exist, or is rare, among
IgAd patients with a normal intestine. The
staining of epithelial cells with HLA class II
antigens and the densities of o43TCR+- and
ySTCR' cells were similar in the IgAd
patients with normal jejunum and the
controls, and immunohistochemical findings
typical of CD were absent from the intestine
of even those IgAd patients with normal
jejunum who had CD marker DQB 0201.
However, IgAd patients had more CD25+
cells in both the epithelium and lamina
propria of the jejunum, and the proportion of
crypt cells in mitosis was greater than in the
controls. These changes were not associated
with the CD marker allele DQB 0201.
Patients with and without the DQB 0201
allele had similar densities of CD25+ and
Ki67+ cells.
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foundation and the University of Helsinki.
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