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Mucosal secretory IgA and secretory piece in adult
coeliac disease
R. J. SHINER AND JANET BALLARD'

From the Medical Research Council Gastroenterology Unit, Central Middlesex Hospital, Park Royal, London

SUMMARY Immunofluorescence studies with specific antisera to secretory IgA (1 IS IgA) and
secretory piece were carried out on the jejunal mucosa of nine patients with adult coeliac disease
(treated and untreated). The results were compared with those obtained in four normal patients
and in four patients with local and systemic IgA (7S) deficiency. 11 S IgA and secretory piece
were localized to the upper third of the epithelial cells of both surface and glandular epithelium
in aUl groups of patients. However, in the untreated coeliac patients fluorescence was also demon-
strated in the basement membrane and connective tissue of the mucosa (returning to normal on
treatment).
On the basis of our findings, a revised pathway for the normal production of 1 1S IgA is proposed

as well as an additional pathway involving a 'backflow' of 11S IgA into the lamina propria in patho-
logical states such as coeliac disease. This backflow is reversed by an adequate gluten-free diet. It
is suggested that 7S IgA and 11S IgA may be involved in immune reactions in the mucosa with anti-
gens such as gluten.

The major antibody found in human secretions is
secretory IgA (11S) which differs from serum IgA
(7S) in having a higher molecular weight and thus
a higher sedimentation coefficient (11S rather than
7S) (Tomasi, Tan, Solomon, and Prendergast, 1965).
This increase is due to a component known as secre-
tory piece, a glycoprotein found in the gastrointes-
tinal epithelial cells (South, Cooper, Wollheim,
Hong, and Good, 1966; Hanson and Johannson,
1967; Tomasi and Bienenstock, 1968; Tourville,
Adler, Bienenstock, and Tomasi, 1969).
The llS IgA is formed from a dimer of 7S IgA

and one molecule of secretory piece and this com-
bination is thought to occur in the vicinity of
epithelial cells (Tourville et al, 1969) before the
antibody reaches the lumen.- Unlike 7S IgA, 11S
IgA is resistant to digestion by trypsin (Cederblad,
Johannson, and Rymo, 1966; Brown, Newcomb,
and Ishizaka, 1970; Steward, 1971), thus retaining
its antibody activity in the jejunal juice where the
action may be directed against bacteria (Tourville,
Bienenstock, and Tomasi, 1968; Girard and
Kalbermatten, 1970), viruses (Balazs and Szollosy,
1962; Lipton and Steigman, 1963), parasites (Parkin,
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McClelland, O'Moore, Percy-Robb, Grant, and
Shearman, 1972), and dietary constituents (Davis,
Bierman, Pierson, Maas, and Iannetta, 1970;
Ferguson and Carswell, 1972).
However, the transfer of 11S IgA cannot be

entirely unidirectional from epithelial cells to the
lumen since several authors (Thompson, Asquith,
and Cooke, 1969; Waldman, Mach, Stella, and Rowe,
1970; Thompson and Asquith, 1970; Brandtzaeg,
1971) have demonstrated it in mninute amounts in
the serum of healthy subjects, and in higher con-
centrations in various gastrointestinal diseases,
including coeliac disease.

Loeb, Strober, Falchuk, and Laster (1971)
demonstrated an increased synthesis of IgA, and
also of IgM, by mucosal immunocytes in the adult
coeliac patients after the re-introduction of gluten
to their diets. In our previous publication (Shiner
and Ballard, 1972b), IgA was shown to be involved
in the formation of immune complexes in the jejunal
mucosa of treated coeliac children after challenge
with gluten. It was assumed that the only IgA
involved was 7S, but the demonstration of increased
amounts of llS IgA in the sera of patients with
adult coeliac disease (Thompson et al, 1969)
prompted us to re-investigate the type of IgA found
in the jejunal mucosa of these patients.
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This paper demonstrates that 1 1S IgA and possibly atrophy of the jejunal mucosae. Six patients (nos.
also free secretory piece are found in the lamina 1,4,6,7,8, and 9) were studied after treatment with a
propria of untreated coeliac patients. That llS IgA gluten-free diet. Five of these showed a mild partial
may be involved in subepithelial immune reactions villous atrophy on histology, but the sixth (no. 6),
would seem to be a new concept. who admitted to dietary errors, had a patchy

partial and subtotal villous atrophy.
Materials and Methods The jejunal biopsies from eight non-coeliac patients,

aged 13 to 59 (average 37 years), served as controls
Nine patients with adult coeliac disease were studied, (table II). In four of these (nos. 10, 11, 12, and 13),
two of whom were biopsied before and after treat- gastrointestinal disease was ruled out and the
ment (table 1). They were aged 16 to 56 years, jejunal mucosa was normal. The other four (nos. 14,
(average 35 years). Four patients were untreated 15, 16, and 17) had local and systemic immune
(nos. 1, 2, 3, and 4), and patient no. 5 had been on deficiency disease with histological normal villous
oral prednisone only. All five had a subtotal villous architecture.

Patient Diagnosis of Histology of Secretory Piece IS IgA 7S IgA IgM IgG
No. Coeliac Jejunal

Disease Mucosa Epi- Base- Con- Epi- Base- Con- Plas- Base- Con- Plas- Base- Con- Plas- Base- Con-
thelial ment nective thelial ment nective ma ment nective ma ment nective ma ment nective
Cells Mem- Tissue Cells Mem- Tissue Cells Mem- Tissue Cells Mem- Tissue Cells Mem- Tissue
(upper brane (upper brane brane brane brane

1e ±

2 Untreated SVA ++ + + ++ + ++ 4-5 ++ ++ 3 - - 2 - +
2 Untreated SVA + + + + + + + + + 4 + + + + 2 - - 2 - +
3 Untreated SVA + + + + + + + + + 5 + + 4 - - 2 - +
4 Untreated SVA + + + + + + + + + + 4 - - 3 - - 1-2 - + +
5 Steroids only SVA + + + - + + + - 4 - - 3 - - 2 - +
6 Treated PVA-SVA + + + + - + + + + + + 4 + + + + 2 - - 1 - + +
I Treated PVA + + - ++ - + + 4 - - 2-3 - - 0 - +
4 Treated PVA + + - - + + - 4-5 - - 3-4 - - 0 - +
7 Treated PVA + + - - + + - - 3 - - 2-3 - - 0 - +
8 Treated PVA + + - - + + - - 3 - - 2 - - 0 - +
9 Treated PVA + + - - + + - 2 - - 3 - - 0 - +

Normal + + - - + + - - 4 - - 3 - - 0-1 - +
values

Table I Immunofluorescence results in coeliac disease untreated and treated
SVA-Subtotal villous atrophy + +-strongly positive
PVA-Partial villous atrophy +-positive

+-weakly positive

Patient Diagnosis Histology of Secretory Piece IS IgA 7S IgA IgM IgG
No. Jejunal

Mucosa Epi- Base- Conn- Epi- Base- Con- Plas- Base- Con- Plas- Base- Con- Plas- Base- Con-
thelial ment nective thelial ment nective ma ment nective ma ment nective ma ment nective
Cells Mem- Tissue Cells Mem- Tissue Cells Mem- Tissue Cells Mem- Tissue Cells Mem- Tissue
(upper brane (upper brane brane brane brane

10 Normal Normal + + - + + - - 4 - - 3 - - 0 - +
11 Normal Normal +±+ - - + + - - 3 - - 3 - - 0 - +
12 Normal Normal + + - + + - - 4 - - 2 - - 0 - +
13 Normal Normal + + - + + - - 4 - - 3-4 - - 1 - +
14 Hypogamma- Normal + + - - + + - - 1-2 - - 3 - - 0 - +

globulinaemia
with NLH

15 IgA & IgG Normal + + - + + - - 0 - - 2-3 - - 0 - -

deficiency
16 A-gamma- Normal + + - - + + - - 0 - - 0 - - 0 - -

globulinaemia
17 A-gamma- Normal + + - - + + - - 0 - - 0 - - 0 - -

globulinaemia
Normal + + - - + + - - 4 - - 3 - - 0-1 - +
values

Table II Immunofluorescence results in control patients
NLH-Nodular lymphoid hyperplasia Key-see table I.
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Jejunal mucosal biopsies (Crosby capsule) were
performed on all patients as a diagnostic procedure
and part of each specimen was retained, immediately
frozen in liquid nitrogen, and stored at -80C for
immunofluorescence studies.
The antisera to 1 S IgA and secretory piece

(Nordic Pharmaceuticals), both raised in sheep,
were purified before use by precipitation with 40
and 50% ammonium sulphate and dialysis, giving
a single gamma globulin band on clectrophoresis.
The specificity of both antisera was tested by
immunoelectrophoresis (fig 1). Precipitin lines iden-
tified for IgA and secretory piece excluded the
possibility of reactions with other serum or milk
proteins such as lactoferrin.

Fig 1 Immunoelectrophoresis showing monospecific pre-

cipitin lines between normal human serum (NHS) in wells
1 and 3, normal defatted milk (NHM) in well 2 andllS IgA
or secretory piece. Secretory piece antiserum showed no

reaction with normal human serum.

The indirect immunofluorescence technique was

used as follows: sections 5g thick were cut from
each biopsy at -20C on a cryostat, fixed for 15
minutes in acetone, and washed for 45 minutes with
three changes of phosphate-buffered saline (PBS)
pH 7.3. The sections were then incubated for 30 to
40 minutes with antiserum to 1 IS IgA or to secretory
piece followed by a 45-minute wash in phosphate-
buffered saline. The slides were stained for 45
minutes with fluorescein-isothiocyanate (FITC) con-

jugated antisheep immunoglobulin previously diluted
and absorbed with liver powder. This was followed
by a further 45-minute wash in phosphate-buffered
saline before mounting the sections in Polarfluor B.
Slides were stored at +4°C.

In addition some sections were treated with an

antiserum to lactoferrin (Nordic Pharmaceuticals)
because it had previously been reported (Tomasi and
Bienenstock, 1968) that there is a possibility of

cross reaction between lS IgA or secretory piece
antisera and lactoferrin. The sections stained for the
presence of lactoferrin showed fluorescence of
goblet cells only, verified by simultaneous examina-
tion of the sections with phase-contrast illumination
and incident light fluorescence. This contrasted with
the characteristic staining pattern in the upper third
of epithelial cells seen with llS IgA and secretory
piece antisera.
The direct staining technique using FITC-

conjugated 7S IgA, IgM, and IgG antisera (Wellcome
reagents) was employed for the demonstration of
immunoglobulins in the plasma cells of the lamina
propria. The specificity of these antisera had been
tested previously (unpublished data) by blocking the
reaction, ie, incubating the tissue with unconjugated
antiserum before staining. The blocking reactions
only occurred when the unconjugated and corju-
gated antisera were of the same immunoglobulin
class.
For most specimens, both techniques were re-

peated and reproducible results were obtained. The
antisera to 7S IgA and llS IgA were found to be
specific on immunofluorescence for their particular
immunoglobulin class alone. However, it seemed
probable that the antiserum to secretory piece
reacted with secretory piece contained in llS IgA
and not only with the free molecule.

All sections were studied in random order on the
day of preparation or the following day with a
Leitz Orthoplan microscope. Between two and six
slides of each type were studied and gi.aded by one
of us, without prior knowledge of the particular
antisera used. The degree of staining of the upper
part of epithelial cells, basement membrane, and
connective tissue with 11S IgA and secretory piece
antisera was expressed as strongly positive (+ +),
positive (+), or weakly positive (±). The number of
plasma cells stained with 7S IgA, IgM, and IgG
antisera was graded 1 to 5, the normal values for
this laboratory being 4 for 7S IgA, 3 for IgM, and 1
or less for IgG.

Results

UNTREATED COELIAC DISEASE
In untreated coeliac patients (nos. 1-4) fluorescent
staining with antisera to 1 IS IgA (fig 2) and secretory
piece was seen in the basement membrane of
surface and crypt epithelial cells and the surrounding
connective tissue as well as in the upper third of
epithelial cells where it is normally found (table I).
Patient no. 5, treated with steroids but not with a
gluten-free diet, showed staining with llS IgA and
secretory piece antisera of epithelial cells and base-
ment membrane but not connective tissue. Patient
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histological state of the jejunal mucosa in the
coeliac patients. In those patients with a subtotal
villous atrophy, staining of the basement membranes
and connective tissue as well as the upper third of
the epithelium was observed. In those with milder
mucosal abnormalities (partial villous atrophy),
where at least most of the gluten was eliminated from
the diet, the i iS IgA and secretory piece showed a
normal distribution, ie, in the epithelial cells only.

CONTROL PATIENTS
In our control patients 10-13 (table II) staining for
llS IgA (fig 3) and secretory piece was localized to
the upper third of the epithelial cells only and was
not seen in the intercellular spaces, basement mem-
branes, or connective tissue. Similar staining of
epithelial cells in the hypo- and agammaglobulin-
aemic patients (nos. 14 to 17) showed the presence of
secretory piece despite an absence or virtual absence
of 7S IgA in the mucosa.

Fig 2 Jejunal mucosa from an untreated coeliac patient
(no. 1) stained with antiserum to uIS IgA. Bright fluores-
cence is seen in the upper third of epithelial cells (E),
basement membrane (BM), and connective tissue (CI)
and the intercellular spaces appear outlined (arrows).
L = crypt lumen. Approximately x 250.

no. 6, inadequately treated with a gluten-free diet,
showed a similar distribution of fluorescence to the
untreated group but staining of the connective tissue
with anti-secretory piece was absent. All six patients
showed staining of the intercellular spaces between
epithelial cells with both llS IgA and secretory
piece antisera.

TREATED COELIAC DISEASE
In our five treated coeliac patients (nos. 1 and 4
repeated after treatment and nos. 7, 8, and 9)
staining with antisera to 11S IgA and secretory piece
was mainly confined to the upper third of epithelial
cells, ie, normal distribution. The exception was
patient no. 1 in whom connective tissue staining was
observed with 11S IgA and secretory piece antisera.
He had been treated with a gluten-free diet for only
three months, whereas all the other patients had
been on the diet for more than 12 months. None of
the well treated patients showed staining of the
intercellular spaces.
The distribution of staining with antisera to llS

IgA and secretory piece seemed to be related to the

Fig 3 Jejunal mucosa from a control patient (no. 10)
stained with 1S IgA antiserum. Only the upper third of
epithelial cells (E) is fluorescent. The bright spots in the
lamina propria are autofluorescent eosinophils.
L = crypt lumen. Approximately x 250.

7S IgA IgM, AND IgG
Basement membrane and connective tissue staining
was seen with 7S IgA in the untreated coeliacs
(1, 2, and 3) but not in adequately treated patients
(1, 4, 7, 8, 9) nor in the normal controls (10 to 13).
The number of 7S IgA and IgM containing plasma
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cells was increased in only one patient (no. 3, an
untreated coeliac) who also had high levels of serum
immunoglobulins. Patient no. 9, a well treated
coeliac, had a reduced number of 7S IgA plasma cells
in the lamina propria and she also had a low serum
IgA level. An increase of IgG-producing plasma
cells was noted in four out of five coeliacs not
treated with a gluten-free diet but in none of the
treated coeliac or control patients. Connective
tissue staining with IgG antisera was found in all
our patients except those with a serum IgG deficiency
and was thought to be non-specific, as noted by us

before (Shiner and Ballard, 1972a).

Discussion

This study has confirmed the localization of secretory
piece to the upper part of the epithelial cells of the
normal jejunal mucosa, as first proposed by Tourville
et al (1969). The pathway of IgA from plasma cell
to lumen suggested by these authors is shown in
figure 4 (pathway A). The 7S IgA produced by
local plasma cells is transported through the base-
ment membrane of crypt and surface epithelium
and passes either into the intercellular spaces or

directly into the lower part of the epithelial cells.
Dimerization and combination with secretory piece
is thought to occur in the intercellular spaces.
Because of the tight junctions between epithelial

cells the llS IgA formed in the intercellular spaces

must enter the upper part of the epithelial cells before
reaching the lumen.
Our hypothesis for the normal production of iS

IgA differs from the above and is shown as pathway
B. It is based on the evidence that in our normal
patients staining of the intercellular spaces was

observed with 7S IgA but not with llS IgA or

secretory piece antisera, and that staining of the
upper third of the epithelium was seen with 1 IS IgA
and secretory piece but not 7S IgA antisera. It is
therefore proposed that the locally produced 7S IgA
passes through the intercellular spaces to enter the
upper third of the epithelium where it combines with
secretory piece to form llS IgA. This is then trans-
ported across the microvilli into the lumen.
On the basis of our findings in the untreated

coeliac patients, an additional pathway C is sugges-
ted which may occur in pathological states. In this,
a 'backflow' of llS IgA from the epithelium to the
lamina propria occurs as shown by llS IgA and
secretory piece staining of intercellular spaces,
basement membrane, and connective tissue. The
available antiserum to secretory piece unfortunately
does not distinguish between the free molecule and
that which is part of the llS IgA. Therefore the
secretory piece staining is probably due to the pres-
ence of secretory piece in llS IgA, although the
possibility that a backflow of free secretory piece

Fig 4 Diagram showing theformation and distribution of IS IgA in the region of the epithelium. For explanation
see text.

BM = basement membrane. SP = secretory piece.
CT = connective tissue. A > Sp = IS IgA.
A = 7SIgA. A>

PathwayAPathwayS Pathway C~~~~~~~~~~~~~~~~~~~
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also occurs cannot be ruled out. The exact site of
formation of 11S IgA in coeliac disease is not known
but probably occurs in the upper third of epithelial
cells as in normal patients although it could also be
formed between epithelial cells, in the basement
membrane, or in connective tissue. In the last two
sites, I 1S IgA and 7S IgA may be involved in the
formation of immune complexes with antigens such
as gluten. This is supported by the demonstration
of fluorescent staining of the lamina propria with
antisera to these factors in untreated coeliac
patients but not in treated or control patients. A
similar localization was previously demonstrated
for 7S IgA in treated coeliac children following
gluten challenge (Shiner and Ballard, 1972b) and
ultrastructural studies on the same patients showed
cytopathological changes in the basement membrane
and connective tissue (Shiner, 1973).
The removal of gluten from the diet of coeliac

patients apparently stops the backflow of 11S IgA
into the lamina propria so that the normal pathway
B remains. The localization of 11S IgA and secretory
piece in well treated coeliac patients is indistinguish-
able from normal.
The demonstration of secretory piece in the epithe-

lial cells of our patients with a- or hypogamma-
globulinaemia is in accordance with the findings of
others (Brown, Butterfield, Savage, and Tada, 1972)
and indicates that epithelial cells produce secretory
piece regardless of any deficiency of local or systemic
IgA.
Plasma cell IgM was not consistently increased

in any of our groups of patients, unlike Douglas,
Crabbe, and Hobbs (1970) who reported an in-
creased density of IgM-containing plasma cells in
untreated coeliac patients.

IgG-containing plasma cells were usually increased
in the mucosae of our untreated coeliac patients
and this was also reported by S0ltoft (1970).
The evidence from this, and our previous publica-

tion, is very suggestive of important subephithelial
events occurring in coeliac disease involving both 7S
and llS IgA in response to antigenic stimulation.
The demonstrated backflow of llS IgA into the
lamina propria in untreated coeliac disease would
explain the increased serum levels of llS IgA
(Thompson, Asquith, and Cooke, 1969).

We are grateful to Dr Margot Shiner for permitting
us to study her patients, and for her enthusiastic
encouragement, and to Dr A. D. B. Webster,
Northwick Park Hospital, Harrow, Middlesex, for
allowing us to include his patients with immune
deficiencies. We also thank Dr J. Snoijink of Nordic
Pharmaceuticals for providing us with the immuno-
electrophoretic data.
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