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Abstract
We compared the local intestinal immuno-
globulin (Ig) secretion in six adult patients with
coeliac disease and nine control subjects by
perfusion of a small bowel segment under an
occluding balloon and analysis ofthe perfusion
fluid for the content of Ig and secretory com-
ponent. The results were compared to the
number of Ig-containing plasma cells in the
test segment. There was, respectively, a two-
fold and a fivefold increase in jejunal secretion
rates of IgA (both monomeric and polymeric)
and IgM in patients with coeliac disease com-
pared with control subjects. The high IgA and
IgM secretion rates parallel the increase of Ig-
containing plasma cells in the lamina propria.
In contrast, the IgG plasma cell density
increase was barely significant in patients with
coeliac disease and did not result in a high
IgG secretion rate. The jejunal secretion rate
of secretory component was significantly
increased in patients with coeliac disease and
no free dimeric IgA was present in the jejunal
fluid. Antigliadin-IgA was detected in the
serum and jejunal fluid of the six patients with
coeliac disease. Antigliadin-IgA, however,
was almost entirely polymeric IgA linked to
secretory component in jejunal fluid, whereas
61% was dimeric IgA not linked to secretory
component in serum. This result, combined
with a raised secretory component secretion
rate with no evidence of secretory component
saturation, suggests that serum and intestinal
antigliadin IgA might be of different origins in
coeliac disease.

The immunological mechanisms in the patho-
genesis of coeliac disease are still poorly under-
stood. Although systemic cellular immune
responses have been well studied, investigations
of local mucosal immune responses have been
limited and mainly based on in vitro studies.'
Enhanced intestinal secretion of immuno-
globulins (Ig) has been shown in coeliac disease
using organ culture systems"' and, more
recently, isolated small intestinal lymphocytes.5
Attempts, however, to measure in vivo Ig secre-
tion in coeliac disease, by measuring concentra-
tions of Ig in jejunal fluid, have shown various
results with IgA secretion being described as
higher,67 similar to,8 or lower9 than that in
control subjects. Thus we studied the local
intestinal Ig secretion in adult coeliac disease by
perfusion of a small bowel segment under an
occluding balloon and by analysis of the perfu-
sion fluid for the content of immunoglobulins."'
The results were compared to Ig plasma concen-
trations and to the number of Ig-containing
plasma cells in the test segment.

Increased serum antibody concentrations to
gliadin have been well documented in patients
with coeliac disease." Particularly, the demon-
stration of gliadin specific antibodies of the IgA
isotype has been emphasised as being of great
screening value.'214 The origin of these anti-
bodies, however, remains speculative. It has
been shown that in children with acute coeliac
disease, 57% of antigliadin IgA in serum is
polymeric IgA (pIgA). '5 The possibility has been
suggested that in coeliac disease the mucosal
production pIgA could exceed the possibilities of
epithelial transport, resulting in a spillover of
non-excreted pIgA antibodies from the intestinal
mucosa into the circulation. '1 Our experiments
on in vivo Ig and secretory component jejunal
secretion in patients with coeliac disease gave us
the opportunity to study in parallel antigliadin
IgA antibodies and their size in serum and
jejunal fluid.

Methods

PATIENTS
Six patients with coeliac disease (two men and
four women, mean age 50 years, range 16-77
years) gave informed consent to the study which
was approved by the local ethics committee. All
patients had active disease - that is, symptoms
and subtotal villus atrophy ofthe jejunal mucosa.
All patients had a symptomatic and histological
response to gluten restriction, four after the
perfusion and two before; the latter were studied
because of their relapse due to failure to comply
with the diet.

JEJUNAL PERFUSION

Segmental perfusion of the jejunum was per-
formed according to Rambaud et al,'6 using a
four lumen tube with a proximal occluding
balloon. The tube was swallowed by the subject
before dinner and the perfusion started after
overnight fasting; the infusion point being
located near the duodenojejunal junction under
the inflated balloon (checked fluoroscopically).
The gut was perfused with a 115 mmol NaCl,
10 mmol KCI, and 35 mmol mannitol solution
containing 1 g/l of polyethylene glycol 4000
(PEG), at a rate of 10 ml/minute. Four consecu-
tive samples (each 20 min) were collected after a
60 minute equilibration period. Perfusate
samples were recovered at 0°C. Diisopropyl-
fluorosphosphate (1 mM), a potent protease
inhibitor, was added to an aliquot of each sample
which was stored at -20°C until assayed. During
perfusion duodenal contents proximal to the
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balloon were continuously collected and dis-
carded. Contamination of the jejunal samples by
duodenal fluid bypassing the balloon was con-
trolled by using two semiquantitative methods:
detection of bromosulphophthalein, which was
infused above the balloon into the duodenum,
and detection ofchymotrypsin and lipase activity
in the perfusate. Any contaminated sample was
discarded after detection. Absence of blood
contamination was confirmed in all samples
(Hemotest, Ames, France).
Immunoassays of proteins in serum and

jejunal fluid were performed as previously des-
cribed.'0 Sedimentation profiles of IgA and
secretory component in serum and jejunal fluid
were analysed by sucrose density gradient ultra-
centrifugation as described earlier.'0
The fluid flow rate at the sampling point (FRs)

was calculated as follows: FRs=FRpx(PEGp)/
(PEGs) where FRp is the fluid flow rate at the
perfusion point, and (PEGp) and (PEGs) are the
polyethylene glycol concentrations at the perfu-
sion and sampling points, respectively. The
secretion rate of each protein (PSR) was calcu-
lated according to the formula: PSR=FRsx
(protein s), where (protein s) is the concentration
of the protein at the sampling point and was
expressed as mg.min -'.40 cm-'The results were
compared with those of 11 control subjects
previously studied under the same conditions,'0
as well as with those of 11 new healthy volun-
teers. These new control values were not
significantly different from. the former ones,'7
confirming the reliability of our method.

Protein concentrations in serum (gll) ofcontrol subjects
and patients with active coeliac disease. Results are
expressed as geometric means (SEM)

Control subjects Patients with coeliac
(n=ll) disease (n=6) Significance

Albumin 41-35 (40-6 to 42-1) 33-55 (31-5 to 35 7) p=0002
IgG 13-1(12-1 to 14-1) 10-5 (9-1 to 12) NS
mIgA 2-24 (2 to 2-5) 2 5 (2-15 to 2 9) NS
pIgA 03 (025 to 036) 045 (0-36 to 057) NS
IgM 0-95 (0-87 to 1-06) 0-61 (0 49 to 0-75) p=0-027

ANTIGLIADIN ANTIBODIES
Antigliadin IgA antibodies were detected in
serum and jejunal samples by a solid phase
radioimmunoassay as previously described."
Antibody titres were expressed (a) in arbitrary
units (AU), by reference to a standard binding
curve established by serial dilutions of a strongly
positive serum; (b) in AU per pg of total IgA in
serum and in jejunal fluid. Serum and jejunal
perfusates, obtained by the same technique,
from 18 control patients hospitalised for other
enteropathies (five with Crohn's disease, three
with ulcerative colitis, and three with giardiasis)
or for cirrhosis (seven) were also analysed as
several workers have reported the presence of
antigliadin antibodies in the serum of such
patients.'2-
The molecular size distribution of the serum

and jejunal antigliadin IgA of patients with
coeliac disease was analysed by sucrose density
gradient ultracentrifugation and proportions of
pIgA and monomeric IgA (mIgA) antigliadin
were measured by planimetry.'°

Figure 1: Jejunal secretion
rates (geometric mean
(SEM)) in 11 control
subjects (C) and six patients
with coeliac disease (CD).
Figures above horizontal
bars indicate significant
differences (p value) between
C and CD.
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IMMUNOHISTOCHEMISTRY
Endoscopic jejunal biopsy specimens were
obtained through a colonoscope, just below the
angle of Treitz, in all patients. Biopsy specimens
were processed for immunohistochemistry as
previously described.'0 The fluorescence micro-
graphs were analysed by morphometry using a
semiautomatic image analyser (Nachet, NS
1000, Levallois-Perret, France). The numbers of
plasmacytes/mm2 of lamina propria were com-
pared to those of nine control subjects studied
under the same conditions. '°

STATISTICS
Results are expressed as geometric means (SE) of
the geometric mean (SEM) and were compared
by the Mann-Whitney U test.

Results

PROTEIN CONCENTRATIONS IN SERUM (Table)
In patients with coeliac disease the albumin and
IgM concentrations were significantly lower and
the pIgA concentrations higher than in control
subjects, although this last difference was not
significant.

0002

0*004

C CD
migA

0*002
CDI

0.001

C CD C CD C CD

PROTEIN JEJUNAL SECRETION RATES (Fig 1)
In patients with coeliac disease mIgA, pIgA,
IgM, and secretory component secretion rates
were significantly higher than in control sub-
jects. There was no detectable secretion of pIgA
unlinked to secretory component as shown by
sucrose density gradient ultracentrifugation.
Secretory component in perfusate samples of
coeliac disease sedimented mainly with pIgA,
but 14-4% (range 7-27) was excreted as free
secretory component compared to 6-9% (range
4-17) in controls (p=0 05). The albumin and
IgG secretion rates were similar in patients and
control subjects.

C CD C CD IMMUNOHISTOCHEMICAL STUDIES (Fig 2)
IgG Alb The numbers per mm' of cells containing IgA,
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0-002

Figure 2: Plasmacyte
numbers per mm2 oflamina
propria (geometric mean
(SEM)) in 11 control
subjects (C) and six patients
with coeliac disease (CD).
Figures above horizontal
bars indicate significant
differences (p value) between
C and CD.
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IgM, and IgG in the jejunal lamina propria were
significantly higher in coeliac patients than in
control subjects.
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Figure 4: Median percentages ofpolymeric IgA among total
IgA (open columns) and among antigliadin IgA antibodies
(hatched columns) in serum andjejunalfluid. Note that in
serum there is a high percentage ofantigliadin pIgA antibodies
v a normal low percentage oftotalpolymeric IgA, in contrast to
jejunalfluid where both parameters are about equally high.

ANTIGLIADIN IGA
In serum, antigliadin IgA antibodies were
detected in all patients with coeliac disease and
six of the 18 control patients (five cirrhosis and
one Crohn's disease) (Fig 3). Antigliadin IgA
titres were higher in patients with coeliac disease
than in the six positive control patients, especi-
ally when expressed in AU/,tg serum IgA as IgA
concentrations were high in patients with cirr-
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Figure 3: Antigliadin IgA in
serum andjejunalfluidfrom
18 control patients (C) and
six patients with coeliac
disease (CD). Columns
represent medians.

.

C CD

Serum

0

C CD

Jejunal fluid

hosis. Antigliadin IgA was 61% (range 50-79)
pIgA compared to 14-5% (range 9-26) of total
IgA in serum (Fig 4). Antigliadin pIgA was
mainly 10-2 S dimeric IgA not linked to secretory
component as shown by the absence offixation of
'25I-labelled antisecretory component antibodies
to the antigliadin antibodies (Fig 5).

In jejunal fluid, antigliadin IgA antibodies
were detected in all patients with coeliac disease
and in three of the 18 control patients (one
cirrhosis, one Crohn's disease and one ulcerative
colitis) who were different from those with
positive antigliadin IgA in serum (Fig 3). In
coeliac disease antigliadin IgA activity was
higher in jejunal fluid than in serum (Fig 3). It
was almost 100% pIgA linked to secretory com-
ponent (secretory IgA) compared to 94% (range
91-97) for total secretory IgA (Figs 4 and 5).

Discussion
In this study we have shown a twofold and a
fivefold increase of jejunal secretion of IgA (both
mIgA and pIgA) and IgM, respectively, in
patients with untreated coeliac disease compared
with control subjects. So far, attempts to
quantify jejunal Ig secretion in vivo in coeliac
disease have given conflicting results. In these
studies samples were contaminated by saliva,
gastric juice, and pancreatic proteolytic enzymes
and the Ig concentrations were affected by water
movements across the intestine. Our results
reinforce in vitro studies showing enhanced local
secretion of IgA and IgM using in vitro organ
cultures or isolated intestinal lymphocytes.2'-
The high IgA and IgM secretion rates observed
in coeliac disease in our study parallel the
increase of Ig synthesising plasma cells in the
lamina propria. Similar alterations in plasma cell
isotype frequency, with the density of IgM
plasma cells being increased relative to IgA cells,
have been reported in other studies.'7-'9 In con-
trast with IgA and IgM, the increase in IgG
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Figure 5: Molecular size profiles ofantigliadin IgA in serum andjejunalfluid samplesfrom three different patients with coeliac
disease as assessed by sucrose density gradient ultracentrifugation. Arrows indicate sedimentation positions ofmarker 7S
monomeric serum IgA, 10 2S dimeric serum IgA, and milk IIS secretory IgA. Sedimentation from right to left.

plasma cell density was barely significant in
coeliac disease and did not result in a high jejunal
IgG secretion rate. In addition, IgG in the jejunal
lumen mainly comes from plasma by passive
seepage'0 and the serum concentration of IgG
was normal in patients with coeliac disease.
Our study provides further information on the

adjustment of secretory component transport
capacity to secretory Ig production in the
jejunum. In coetiac disease, contrary to a pre-
vious report,20 but in accordance with previous
immunohistochemical observations,2 22 the
hyperplastic crypt epithelium seems to function
normally with regard to external transport ofIgA
and IgM since the jejunal secretion rate of
secretory component was strikingly high and no
free dimeric IgA was present in the jejunal fluid.
In coeliac disease secretory component is present
not only in the crypt epithelium but also in the
surface epithelium where its concentration
increases with increasing villus atrophy.23 Thus,
in contrast with a recently reported case of
massive plasma cell infiltration of the digestive
tract,24 secretory component is not a rate-limiting
factor of Ig secretion in jejunal lumen in coeliac
disease: both secretory component synthesis by
lengthened crypts and pIgA and IgM production
by increased numbers of infiltrating plasma cells
are high and seem to cooperate to cause a signifi-
cant increase in pIgA and IgM output. Further-
more, secretory component production in coeliac
disease could exceed Ig production as suggested
by a significant increase in free secretory com-

ponent in the jejunal fluid. Along the same line
an accumulation of free secretory component at
the mucosal surface has been shown by immuno-

histochemical studies in coeliac disease.23 The
mechanism of increased synthesis of secretory
component in coeliac disease is unknown. It has
been shown recently that interferon-y up-
regulates the intracellular pool and epithelial
membrane expression of functional secretory
component in a dose-dependent manner.25
Increased lymphokine production - that is,
interferon-y - by intraepithelial T lymphocytes,
which accumulate in coeliac disease mucosa,'
might promote secretory component synthesis
and thus the external transport of pIgA and
IgM.26
As the origin of serum antigliadin IgA in

coeliac disease remains uncertain, we compared
its molecular form in serum and jejunal fluid.
Our results showing a different size in serum and
in jejunal secretion, combined with a raised
secretory component secretion rate, indicate that
the presence of antigliadin IgA in serum might
not be the result of the reabsorption of intestinal
antibodies through a damaged mucosa nor the
consequence of an inadequate secretory com-
ponent synthesis. Our data suggest that serum
and intestinal antigliadin IgA might be of a
different origin. Intraluminal antibodies are syn-
thesised in the gut mucosa. Serum antigliadin
IgA could be synthesised by transient circulating
blood B cells since those cells, which secrete 40%
of total IgA as pIgA when cultivated in vitro,27
have been recently shown to secrete antigliadin
antibodies in some cases of active coeliac
disease.28 Alternatively, serum antigliadin pIgA
might be of mucosal origin, whereas antigliadin
mIgA could be synthesised by memory cells,
after migration to the spleen, lymph nodes, and
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bone marrow which are synthesising mIgA."7 It
is also conceivable that secretory component
would be a rate-limiting factor for the secretion
of antigliadin pIgA antibodies in the ileum or
colon, or both, because at those sites, but not in
the jejunum, the specific B cell population would
also be expanded, but without concomitant
upregulation of epithelial secretory component
expression, resulting in antigliadin pIgA anti-
bodies spillover in the circulation.
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